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COPOLYMERS Off F THYLF.NF WT T H tt-OLFFTNS 
The present invention relates to copolymers of ethylene with a-olefins which have a 
molar mass distribution MJM« of from 1 to 8, a density of from 0.85 to 0.94 g/cm 3 , a molar 
mass M n of from 10 000 g/mol to 4 000 000 g/mol and a CDBI of less than 50% ana in which the 
side chain branching of the maxima of the individual peaks of the short chain branching 
distribution is in each case greater than 5 CH 3 /1 000 carbon atoms, to a process for preparing 
them and to fibers, moldings, films or polymer mixtures in which these copolymers are present. 

Copolymers of ethylene with higher a-olefins such as propene, 1-butene, 1-pentene, 1- 
hexene or 1 -octene, known as LLDPE (linear low density polyethylene), can be prepared, for 
example, using classical Ziegler-Natta catalysts based on titanium or else by means of 
metallocenes. Since these ethylene copolymers do not consist of many equal-length chains but 
have a molar mass distribution comprising relatively long and relatively short polymer chains, 
the incorporation of the comonomer into the chains of various lengths may be the same or 
different. The number of side chains formed by incorporation of the comonomer and their 
distribution, known as the short chain branching distribution SCBD, is very different when 
different catalyst systems are used. The number and distribution of the side chains has a critical 
influence on the crystallization behavior of the ethylene copolymers. While the flow properties 
and thus the processing of these ethylene copolymers depends mainly on their molar mass and 
molar mass distribution, the mechanical properties are highly dependent on the short chain 
branching distribution. The short chain branching distribution also places a role in particular 
processing methods, e.g. in film extrusion where the crystallization properties of the ethylene 
copolymers during cooling of the extruded film is an important factor in deteimining the speed 
with which a film can be extruded and the resulting film quality. 

There are various methods of determining the short chain branching distribution. One 
method is the "analytical temperature rising elution fractionation technique" (TREF). Here, the 
polymer is slowly crystallized from a polymer solution onto an inert support material by cooling 
and is subsequently eluted at various temperatures. The concentration of polymer in the fracti ons 
obtained at various temperatures is measured by means of infrared spectroscopy. At low 
temperatures, molecules having a large number of side chains are eluted. As the temperature 
increases, the less branched polymer fractions are also eluted. The concentration of the polymer 
solutions obtained is plotted against the elution temperature so as to obtain the short chain 
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branching distribution. The TREF result can also be calibrated by means of preparatively isolated 
polyethylene fractions having a defined number of short chain branches. The number of the side 
chains is usually reported as methyl groups per 1 000 carbon atoms of the polymer chains 
(CH3/I 000C) and thus includes the end groups and any long chain branches formed in the 
5 polymerization. The TREF method is described, for example, in Wild, Advances in Polymer 
Science, 98, p.1-47, 57 p. 153, 1992. From the TREF, it is possible to determine, for example, 
the CDBI (composition distribution breadth index), which is a measure of the breadth of the 
distribution of the composition. This is described, for example, in WO 93/03093. The CDBI is 
defined as the percent by weight of the copolymer molecules having a comonomer content of 
1 0 ±25% of the mean molar total comonomer content. 

A new method of determining the short chain branching distribution, namely Crystal®, 
has recently been developed, since the TREF method is very time-consuming. Here, the short ' 
chain branching is determined in a single step during the process of crystallization from the 
polymer solution. The polymer solution is stirred, slowly cooled and a sample of the solution is 
15 taken at particular temperatures. These samples contain the polymer fractions which have not yet 
crystallized and their concentration is determined by means of infrared spectroscopy. Since the 
samples are taken during the crystallization process, a cumulative short chain branching 
distribution is obtained. Subtraction enables a short chain branching distribution similar to that 
obtained from TREF to be obtained. Apart from rapid measurement of data, the Crystaf® 
20 method offers the additional advantage that the soluble or uncrystallizable polymer components 
can also be determined by this means. 

Ziegler.Natta catalysts give LLDPE having a broad or bimodal short chain branching 
distribution and a relatively broad mean molar mass distribution MJM n which is usually greater 
than 5, where M„ is the number average molar mass and M w is the weight average molar mass. 
The side chain branching is usually more pronounced in the polymer chains having a relatively 
low molar mass than in those having higher molar masses. Furthermore, these copolymers 
contain a high molecular weight polymer fraction having an extremely small proportion of side 
chain branches of less than 4 CH3/I 000 carbon atoms. 

In contrast, use of metallocene catalysts in the polymerization usually gives ethylene 
30 copolymers having a narrow molar mass distribution and a CDBI of > 50%. These LLDPEs have 
particularly advantageous mechanical properties. The short chain branching distribution is 
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monomodaL Copolymerization with higher a-olefins often leads to a reduced molecular weight 
In general, chain termination becomes increasingly favored at higher comonomer concentrations 
and the molecular weight is thus reduced (US 5,625,016 states that M n is smaller than about 
50 000). The low molecular weight copolymers can lead, firstly, to deposits in the reactor during 
5 the polymerization and, secondly, to undesirable product properties such as sticky surfaces 

LLDPEs havmg a high molecular weight and a high comonomer content are difficult to produce 
WO 01/92346 discloses cyclopentadienyl complexes of groups 4-6 of the Periodic Table 
of the Elements in which a dihydrocarbyl-Y group, where Y is an element of group 14 of the 
Periodic Table of the Elements bearing particular Lewis bases, is bound to the cyclopentadienyl 
10 system. J 

WO-A-98/4401 1 describes ethylene copolymers with at least one alpha-olefin having at 
least 5 carbon atoms which have a melt index MI of from 0.1 to 15, a CDBI of at least 70% a 
density offrom 0.91 to 0.93 g/ml,ahaze value of less than 2 0 o/ o , a melt index ratio MIR of from 
35 to 80, a mean modulus offrom 20 000 to 60 000 psi and a defined ratio of modulus to dart 
1 5 nnpact strength. Furthermore, the resulting polymers are said to have essentially no unsaturated 
end groups. 

WO-A-93/1215 1 describes ethylene copolymers with alpha-olefins having at least 
10 carbon atoms which have a density of from 0.85 to 0.95 g/cm 3 , a mean molecular weight M w 
of from 30 000 to 1 000 000 daltoa and a molecular weight distribution in the range from 2 to 4 

It has now been found that ethylene copolymers having an at least bimodal short chain 
branching distribution and at the same time a narrow molar mass distribution and a particularly 
good dart drop impact strength are obtained when the polymerization is carried out using 
particular chromium catalysts. 

We have accordingly found copolymers of ethylene with a-olefins which have a molar 
mass distribution M^ n offrom 1 to 8, a density of from 0.85 to 0.94 gW, a molar mass M„ 
offrom 10 000 g/mol to 4 000 000 g/mol, a CDBI of less than 50 o/ o and m wbich to side chain 
branchmg of the maxima of the individual peaks of the short chain branching distribution is in 
each case greater than 5 CH3/I 000 carbon atoms. 

Furthermore, we have found a process for preparing the ethylene copolymers of the present 
invention, which comprises polymerizing ethylene with a-olefins in the presence of the 
following components: 
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A) at least one monocyclopentadienyl complex comprising the structural feature of the 
fonnula (Cp-Z-A)Cr (I), where the variables have the following meanings: 
Cp-Z-A is a ligand of the formula (H) 




(ID 



where 

R ,A -R 4A are each, independently of one another, hydrogen, C 1 -C 20 -alkyl, C 2 -C 20 -alkenyl, 
Cg-Czo-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 
6-20 carbon atoms in the aryl part, NR ,,A 2 , N(SiR ,IA 3 ) 2 , OR I,A , OSiR MA 3 , SiR 1,A 3 , 
1 ° BRl ,A 2' where the organic radicals R 1A -R 4A may also be substituted by halogens 

and two vicinal radicals R ,A -R 4A may also be joined to form a five- or six- 
membered ring, and/or two vicinal radicals R ,A -R 4A are joined to form a 
heterocycle which contains at least one atom from the group consisting of N, P, O 
and S, 

15 z is a bridge between A and Cp having the fonnula 

R 5A 
I 

— L — 

where 

L is carbon or silicon, preferably carbon, 

R 5A ,R 6A are each hydrogen, Q-Qo-alkyl, C 2 -C 20 -alkenyl, C 6 -C 20 -aryl, alkylaryl having from 
1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part or 
SiR 1 ,A 3 , where the organic radicals R 5A and R 6A may also be substituted by 
halogens and R SA and R 6A may also be joined to form a five- or six-membered ring, 
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is R A .. C2A 



I «4A ('«") 



E 4 ' 



where 

E lA -E 4A are each carbon or nitrogen, 

r 7a_ r ioa m eachj in de p endently of one another hydrogen, Ci-C 20 -alkyL C 2 -C 20 -alkenyl, 
5 C6-C 2 o-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 

6-20 carbon atoms in the aryl part or SiR 1,A 3 , where the organic radicals R 7A -R ,0A 
may also bear halogens or nitrogen or further Ci-C 20 -alkyl groups, C 2 -C 20 -alkenyl 
groups, C 6 -C 20 -aryl groups, alkylaryl groups having from 1 to 10 carbon atoms in 
the alkyl part and 6-20 carbon atoms in the aryl part or SiR 1 1 A 3 as substituents and 
10 **» vicinal ^^18 R 7A -R ,0A or R 7A and Z may also be joined to form a five- or 

six-membered ring, 

R 1IA are each, independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 20 -alkenyl, 
C 6 -C 20 -aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 
6-20 carbon atoms in the aryl part and two geminal radicals R l ,A may also be joined 
15 to form a five- or six-membered ring and 

p is 0 when E ,A -E 4A is nitrogen and is 1 when E ,A -E 4A is carbon, 

B) optionally an organic or inorganic support, 

C) optionally one or more activating compounds and 

D) optionally one or more metal compounds containing a metal of group 1 , 2 or 
20 1 3 of the Periodic Table. 

Furtheimore, we have found polymer mixtures in which at least one copolymer of 
ethylene with C 3 -Ci 2 -a-olefins according to the present invention is present and also fibers, films 
and moldings in which the copolymers of ethylene with C 3 -C, 2 -a-olefins according to the 
present invention are present as significant component. 

We have also found the use of the copolymers of ethylene with C 3 -C, 2 -a-olefins of the 
present invention for producing fibers, films and moldings. 
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Preferred copolymers of ethylene with a-olefins are those which have a molar mass 
distribution M w /M„ of from 1 to 8, a density of from 0.85 to 0.94 g/cm 3 , a molar mass M„ of 
from 10 000 g/mol to 4 000 000 g/mol and an at least bimodal short chain branching distribution 
and in which the side chain branching of the maxima of the individual peaks of the short chain 
branching distribution is in each case greater than 5 CH3/I 000 carbon atoms. 

Particular preference is given to copolymers of ethylene with a-olefins which have a 
molar mass distribution MJM n of from 1 to 8, a density of from 0.85 to 0.94 g/cm 3 , a molar 
mass M„ of from 10 000 g/mol to 4 000 000 g/mol, a CDBI of less than 50% and an at least 
bimodal short chain branching distribution and in which the side chain branching of the maxima 
of the individual peaks of the short chain branching distribution is in each case greater than 
5 CH3/I 000 carbon atoms. 

Preferred ethylene copolymers display no long chain branching. Furthermore, preference 
is given to ethylene copolymers according to the present invention which have an average of one 
vinyl or. vinylidene end group per polymer chain. 

The copolymer of ethylene with Cj-Cu-a-olefins of the present invention has a molar 
mass distribution Mw/M,, of from 1 to 8, preferably from 1.5 to 5 and particularly preferably from 
2 to 3.5. Its density is in the range from 0.85 to 0.94 g/cm 3 , preferably from 0.86 to 0.93 g/cm 3 
and particularly preferably from 0.87 to 0.91 g/cm 3 . The molar mass M n of the ethylene 
copolymers of the present invention is in the range from 10 000 g/mol to 4 000 000 g/mol, 
preferably from 50 000 g/mol to 1 000 000 g/mol and particularly preferably from 100 000 g/mol 
to 400 000 g/mol. 

For the purposes of the present patent application, a monomodal short chain branching 
distribution means that the short chain branching distribution determined by the Crystaf® 
method displays a single maximum. A bimodal short chain branching distribution means, for the 
purposes of the present patent application, that the short chain branching distribution determined 
by the Crystaf® method has at least two points of inflection on a flank of a maximum. For the 
purposes of the present patent application, an at least bimodal short chain branching distribution 
is one which may be bimodal, trimodal, etc., or multimodal. The short chain branching 
distribution is preferably bimodal or trimodal, in particular bimodal. 

The side chain branching of the maxima of the individual peaks of the short chain 
branching distribution is in each case greater than 5 CH 3 /1 000 carbon atoms, preferably greater 
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than 8 CH3/I 000 carbon atoms, and is preferably in the range from 10 to 80 CH 3 /1 000 carbon 
atoms and particularly preferably from 15 to 60 CH3/I 000 carbon atoms 

A-nKngtomepres^ 
of side chains is determined by means of the Crystal method. The elution temperatures 

5 obtamedinthis way are converted by means of the reference table into the number of " 
CH 3 groups per 1 000 carbon atoms. 

The molar mass distribution within the short chain branching distribution is preferably 

atoms have a mean molarmass which is equal to or higher man that of me peakfs) having a 
10 lowernumberofCHj/lOOOcarbonatoms. 

. ™ epe * ha ™« aeW ^'"^Preferablyl 1 asatleas t 8 ; p refe rablyatleastl 2 and 
particularly preferably a. least 15, CW1 000 carbon atoms more man the peak having the 

smallest number of CHV1 000 carbon atoms. 

^^'^coMymerofmepreseUmv^^ 
16 Crystaf® spectnun of me differentia, disuibution in me range from 15 to 40"C and a, leas, one 
further peak in the Crystal® spectrum of me differential distribution in the range torn 25 «o 
80°C, preferably a, leas, one peak in the Crystal® spectrum of the differentia, distriburion in the 
rangefrom .6,0 30«C and a, teas, one Anther peak in the Crystal® specfrum of the differential 
distribution in the range from 28 to 60°C. 

20 The HLMFRof.be ethylene copolymers of the present invention is in the range from 

0.001 to 200 g/10 mm, preferab.y fiom 0.1 ,„ 50 g/.O min. For the ptnpose of the present 
■nvention, Ihe express,™ "HLMFR" refers to the 'Tugh load me., flow rate" and is determined in 
accordance with ISO 1 133 at I90°C under a load of 21.6 kg (190-C/21.6 kg) 

„ „ J . t ^ aPref ^ mtotom ' 0f * e ^ tinvm « 0 »'^«=oi»'ymerlmani„dexofme 
breadtt, of .he composition disfribution of me comonomer of less man 50%, in particular fiom 5 
to 45 /« and particularly preferably fiom 20 to 30%. 

^ com °n"merawmchnraybeprese„,,eimermdividuallyormadmixunewimone 
anofter, m addition ,o emy.ene in me copolymer ofme presen, invention, i, is possiWe .o use a., 
a^eflns having from 3, o ,2 carbon atoms, e.g. pmpene, 1-bu.ene, ,-pemene, l-hexene,4- 
meutyW-pemene, .-hep, OT e, .-octone and !-de«ne. The emy.ene co P o.ymerpmferab.y 
contents, aa comonomer unite, copolymenzed a-„.efl„s having from 3 to 9 carbon atoms e g 
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butene, pentene, hexene, 4- me thylpe„tene or octene. Particular preference is given to using cc- 
olefins selected from the group consisting of propene, 1-butene, 1-hexene and 1-octene The 
comonomers are generally present in copolymerized form in the ethylene copolymer of the 
present mvention in amounts of from 1 to 40% by weight, preferably from 2 to 30% by weight 
5 and m particular from 2 to 20% by weight, in each case based on the ethylene copolymer. 

The ethylene copolymers can, in particular, be prepared by means of the above-described 
novel process using the substituted monoindenylchromium complexes of the formula I. 

The monocyclopentadienyl complexes A) used in the process of the present invention 
compnse the structural element of the formula (Cp-Z-A) m Cr (I), where the variables are as 
10 defined above. The further ligands can therefore be bound to the metal atom Cr. The number of 
further hgands depends, for example, on the oxidation state of the metal atom. Possible further 
hgands do not include further cyclopentadienyl systems. Suitable further ligands are 
monoanionic and dianionic Hgands as are described, for example, for X. m addition, Lewis bases 
such as amines, ethers, ketones, aldehydes, esters, sulfides or phosphines can also be bound to 
1 5 the metal center Cr. 

Two vicinal radicals r* can, in each case together with the carbon atoms bearing 
them, form a heterocycle, preferably a heteroaromatic, which contains at least one atom from the 
group consisting of nitrogen, phosphorus, oxygen and sulfur, particularly preferably nitrogen 
and/or sulfur. Preference is given to heterocycles and heteroaromatics having a ring size of 5 or 6 
20 nng atoms. Examples of 5-membered heterocycles, which may contain from one to three 

mtrogen atoms and/or a sulfur or oxygen atom as ring atoms in addition to carbon atoms are 
1,2-dmydrofuran, furan, thiophene, pyrrole, isoxazole, 3-isothiazole, pyrazole, oxazole, thiazole 
mudazole. Examples of 6-membered heteroaryl groups, which may contain from one to four 
mtrogen atoms and/or a phosphorus atom, are pyridine, phosphabenzene, pyridazine, pyrimidine 
25 pyrazme, 1,3,5-triazine, 1,2,4-triazine and 1,2,3-triazine. The 5- and 6-membered heterocycles ' 
may aIso be substituted by c.-Co-alkyl, C 6 -C 10 -aryl, alkylaryl having from 1 to 10 carbon atoms 
m the alkyl part and 6-10 carbon atoms in the aryl part, trialkylsilyl or halogens such as fluorine, 
chlonne or bromine, dialkylamide, alkylarylamide, diarylamide, alkoxy or aryloxy or be fused 
with one or more aromatics or heteroaromatics. Examples of the benzo-fused 5-membered 
30 heteroaryl groups are indole, indazole, benzofuran, benzothiophene, benzothiazole, benzoxazole 
and benzimidazole. Examples of benzo-fused 6-membered heteroaryl groups are chroman 
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benzopyran, quinoline, isoquinoline, cinnoline, phthalazine, quinazoline, quinoxaline, 
1,10-phenanthroIine and quinolizine. Naming and numbering of the heteroses has been taken 
from Lettau, Chemie der Heterocyclen, 1st edition, VEB, Weinheim 1979. The 
heterocycles/heteroaromatics are preferably fused with the cyclopentadienyl skeleton via a C-C 
double bond of the heterocycle/heteroaromatic. Heterocycles/heteroaromatics containing a 
heteroatom are preferably 2,3- or b-fused. 

Examples of cyclopentadienyl systems Cp having a fused heterocycle are thiapentalene 
2-methylthiapentalene, 2-ethylthiapentalene, 2-isopropylthiapentalene, 2-n-butylthiapentalene ' 
2-tert-butylthiapentalene, 2-trimethylsilylthiapentalene, 2-phenylthiapentalene, 
2-naphthylthiapentalene, 3-methylthiopentalene, 4-phenyl-2,6-dimethyl-l -thiapentalene, 
4-phenyl-2,6-diemyl-l-miapentalene,4-phenyl-2,6-di^^^^ 

n-butyl-l-thiapentalene, 4- P henyI-2,6-di(trime^ azapentalene, 
2-methylazapentalene, 2-ethylazapentalene, 2-isopropylazapentalene, 2-n-butylazapentalene 
2-trimethylsilylazapentalene, 2-phenylazapentalene, 2-naphthylazapentalene, 1-phenyl- 
2,5-dimethyl-l-azapentalene, 

1-azapentalene, l-phenyl^.S-di-tert-butyl-l-azapentalene, l-ph e nyl-2,5-di(trimethysilyl)- 
1-azapentalene, l-tert-butyl-2,5-dimethyl-l-azapentalen e , oxapentalene, phosphapentalene, 

l-phenyl-2,5^methvl-l- P hospha pe ntaJene, l-phenyl^S-diethyl-l-phosphapentalene, 1-phenyl- 
2,5-A-n-butyl-l-phospha^ 

2,5-d,(trimethylsilyl)-l-phosphapentalene,l-memyl-2,5-dimethyl-l^ 

butyl-2,5-dimem y l-l-phosphapentalene,7-cyclopenta[l,2]thieno[3,4]cyclopentadien^ 
7-cyclopenta[l,2]pyrrolo[3,4]cyclopentadiene. 

In further preferred cyclopentadienyl systems Cp, the four radicals R ,A -R 4A , i.e. two pairs 
of vicinal radicals, form two heterocycles, in particular heteroaromatics. The heterocyclic 
systems are the same as those described in more detail above. Examples of cyclopentadienyl 
systems Cp having two fused-on heterocycles are 7-cyclopentadithiophene, 7- 
cyclopentadipyrrole or 7-cyclopentadiphosphole. 

The synthesis of such cyclopentadienyl systems having a fused-on heterocycle is 
described, for example, in the abovementioned WO 98/22486. In "metalorganic catalysts for 
synthesis and polymerization", Springer Verlag 1999, p. 150 ff, Ewen et al. describe further 
syntheses of these cyclopentadienyl systems. 
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The polymerization behavior of the metal complexes can likewise be influenced by 
vanation of the substituents R' A -R 4A . The number and type of substituents can influence the 
ability of the olefins to be polymerized to gain access to the metal atom M. This makes it 
possible to modify the activity and selectivity of the catalyst in respect of various monomers in 
particular bulky monomers. Since the substituents can also influence the rate of termination 
reactions of the growing polymer chain, the molecular weight of the polymers formed can also 
be altered in this way. The chemical structure of the substituents R ,A to R 4A can therefore be 
varied within a wide range in order to achieve the desired results and to obtain a tailored catalyst 
system. Possible carboorganic substituents R 1A -R 4A are, for example, the following: Q-Qo-alkyl 
wh.ch may be linear or branched, e.g. methyl, ethyl, n-pro P yl, isopropyl, n-butyl, isobutyl tert- 
butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl, 5- to 7-membered 
cycloalkyl which may in turn bear a C 6 -C 10 -aryl group as substitute*, e.g. cyclopropyl 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl or cyclododecyl C 2 - 
C 20 -alkenyl, which may be linear, cyclic or branched and in which the double bond can be 
internal or terminal, e.g. vinyl, 1-allyl, 2-allyl, 3-allyl, butenyl, pentenyl, hexenyl, cyclopentenyl 
cyclohexenyl, cyclooctenyl or cyclooctadienyl, C 6 -C 20 -aryl which may bear further alkyl groups' 
as subsutuents, e.g. phenyl, naphthyl, biphenyl, anthranyl, o-, m-, p-methylphenyl, 2,3- 2 4- 
2,5- or 2,6-dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- or 3,4,5-trimethylphenyl, ol ' 
arylalkyl which may bear further alkyl groups as substituents, e.g. benzyl, o-, m-, p- 
methylbenzyl, 1- or 2-ethyIphenyl, where two R 1A to R 4A may also be joinedto form a 5- or 6- 
merubered ring and the organic radicals R ,A -R 4A may also be substituted by halogens such as 
fluorine, chlorine or bromine. Furthermore, R' A -R 4A may also be amino or alkoxy, for example 
drmethylamino, N-pyrrolidinyl, picolinyl, methoxy, ethoxy or isopropoxy. In organosilicon 
substituents SiR» A 3 , R" A may be the same carboorganic radicals as described in more detail in 
this paragraph for R ,A -R 4A , with two R» A also being able to be joined to form a 5- or 6- 
membered ring, e.g. trimethylsilyl, triethylsilyl, butyldimethylsilyl, tributylsilyl, tri-tert- 
butylsilyl, triallylsilyl, triphenylsilyl or dimethylphenylsilyl. These SiR 1 » A 3 radicals may also be 
bound to the cyclopentadienyl skeleton via an oxygen or nitrogen atom, for example 
tnmethylsilyloxy, triethylsilyloxy, butyldimethylsilyloxy, tributylsilyloxy or tri-tert- 
butylsilyloxy. Preferred radicals R« \ R 4A are hydrogen, methyl, ethyl, n-propyl, isopropyl, n- 
butyl, rsobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, vinyl, allyl, benzyl, phenyl, ortho- 
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dialkyl- or ortho-dichloro-substituted phenyls, trialkyl- or trichloro-substituted phenyls, 
naphthyl, biphenyl and anthranyl. As organosilicon substituents, particular preference is given to 
trialkylsilyl groups having from 1 to 10 carbon atoms in the alkyl radical, in particular 
trimethylsilyl groups. 

5 Examples of such cyclopentadienyl systems (without the group -Z-A, which is preferably 

located in the 1 position) are 3-methylcyclopentadienyl, 3-ethylcyclopentadienyl, 3-isopropyl- 
cyclopentadienyl, 3-tert-butylcyclopentadienyl, dialkylcyclopentadienyl such as 
tetrahydroindenyl, 2,4-dimethylcyclopentadienyl or 3-methyl-5-tert-butylcyclopentadienyl, 
trialkylcyclopentadienyl such as 2,3,5-trimethylcyclopentadienyI or tetraalkylcyclopentadienyl 
10 such as 2,3,4,5-tetramethylcyclopentadienyl. 

Preference is also given to compounds in which two vicinal radicals R 1A -R 4A , in 
particular R ,A together with R 2A and/or R 3A together with R 4A , form a fused ring system, in 
particular a C 6 ring system, particularly preferably an aromatic C 6 ring system, i.e. together with 
the cyclopentadienyl C 3 ring form, for example, an unsubstituted or substituted indenyl, 
benzindenyl, phenanthrenyl, fluorenyl or tetrahydroindenyl system, e.g. indenyl, 2- 
methylindenyl, 2-ethylindenyl, 2-isopropylindenyl, 3-methylindenyl, benzindenyl or 2- 
methylbenzindenyl. In particular, R ,A and R 2A together with the cyclopentadienyl system form a 
substituted or unsubstituted indenyl system. 

The fused ring system may bear a further C,-C 20 -alkyl groups, C 2 -C 20 -alkenyl groups, C 6 - 
Czo-aryl groups, alkylaryl groups having from 1 to 10 carbon atoms in the alkyl part and 
6-20 carbon atoms in the aryl part, NR ,,A 2 , N(SiR l,A 3 ) 2 , OR nA , OSiR UA 3 or SiR 1]A 3 , e.g. 4- 
methylindenyl, 4-ethylindenyl, 4-tsopropylindenyl, 5-methylindenyl, 4-phenylindenyl, 5-methyl- 
4-phenylindenyl, 2-methyl-4-phenylindenyl or 4-naphthylindenyl. 

Preferred substituents R 1A -R 4A are the above-described carboorganic substituents and the 
carboorganic substituents which form a fused ring system, in particular their preferred 
embodiments. 

As in the case of metallocenes, the monocyclopentadienyl complexes A) may be chiral. 
Thus, one of the substituents R 1A -R 4A of the cyclopentadienyl skeleton can have one or more 
chiral centers, or else the cyclopentadienyl system Cp can itself be enantiotopic, so that chirality 
is induced only when the cyclopentadienyl system is bound to the transition metal M (for 
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92^X S ChiraH,y fa CyClOPmtadiMyl C ™ PO '"- dS ' C£ R - H *™». Chen, Rev. 
Possible carboorganic subsdh.cn,, R»-R« on the link Z are, for example, the following- 

TrT C '- CM - a ' kyH ' hteh ^''= "near or branched, eg. methyl, ethyl, n-prop yl , isopropyt 
■ -bttyl, 1S obu tyI , tert . butyI , ^ ^ ^ nnonyi _ otik J J*- 

5- to 7-m.mbeted cyCoalky! which may in tarn bear a CVC-ary, group as subsStuen,, e.g. ' 
cyclopropyl, cyclobutyt, cyclopentyl, cyclohexyl, cyclohepty,, cyclooctyl, cyc.onony! or 
cyclododecyt, CCo-alkeny! which may be linear, cycHc or bmnched and in which the double 
bond maybe interna, or termina!, e.g. viny., 1-a.ly,, 2-aHy,, 3-ally,, butenyl, penteny,, hexenyl 
cyclopentenyl, cyclohexenyl, cydooctenyl or cyclooctadienyl, C 6 -C*,-aryl which may bear ' 
further a.kyl groups as substttuents, e.g. pheny., naphftyl, biphenyj, anthranyl, o- m- p. 
mcthylphenyl, 2,3, 2,4-, 2,5- or 2,0-dimeThy.pneny,, 2,3,4, 2,3,5, 2,3,6, 2,4,5,' 2 ,4,6- or 3,4 5- 
tnmethylpheny,, orarylaUcy! which may bear further aUryl group, as substituents, eg. bensy, o- 
m, p-methylbenzyl, ,. „ r 2-ethylphenyl, where the organic radicals R« ^ R M may ^ J ' 
jonted to form a 5- or 6-membered ring or may be substituted by haioge^, e. g . fluorine, cMorine 
or bromine, or alkyl or aiyl. 

In organosilicon subsutuents SiR"\ possible radicals R' are the same radicals as 
menhoned in more detaU above, with i, also being possiMe for two R 1 - ,o be joined to form a 5- 
cr 6 -memhered ring, e.g. trimethylsUyl, MethyfcUyt, butyidimethybHyl, tributylsilyl, 
hurylsilyl, tnallylsilyl, triphenylsilyl ordimethylphenylsilyi. 

The radios.* R» and R« may be identic*, or different. Preferred radicals R 5A and R« m 
hydrogen, memy., ethy., n-propy., isopmpy,, a . butyh isobntyl> 

n-hepty , n-octy!, ben2yl> pbenyI; orthoKUa|ky ,. Qr o^ ichWmMtuted ' 
or tnchloro-substituted phenyls, naphthyl, biphenyl and anthranyl. 

The bridge Z between me cyCopemadienyl system Cp and the heteroaromatic A is an 
organtc, preferably diva.en. bridge. Z is preferably a group CR»R«. z is very partieulariy 

skeleton. Thus, ,f me heterocycle or aromatic is fused on in the 2,3 position of the 
^.opemadieny, skeleton, Z is prefembiy located in the ! or 4 position of me cyc,open«adie„y, 
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A is an unsubstituted, substituted or fused heteroaromatic, six-membered ring system 
having 1, 2, 3, 4 or 5 nitrogen atoms in the heteroaromatic part which is bound to Z, in particular 
2-pyndyl or 2-quinolyl. Examples of 6-membered heteroaryl groups, which can contain from one 
to five mtrogen atoms, are 2-pyridinyl, 2-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyl, 1,3,5-triazin- 
5 2-yl and i,2,4-triazin-3-yl, l,2,4-triazin-5-yl and l,2,4-triazin-6-yl. The 6-membered heteroaryl 
groups may also bear C,-C 10 -alkyl groups, C 6 -C 10 -aryl groups, alkylaryl groups having from 1 to 
10 carbon atoms in the alkyl part and 6-10 carbon atoms in the aryl part, trialkylsilyl groups or 
halogens such as fluorine, chlorine or bromine as substituents or be fused with one or more 
aromatics or heteroaromatics. Examples of benzo-fused 6-membered heteroaryl groups are 2- 
10 qumolyl, 3-cinnolyl, 2-quinazolyl, 4-quinazolyl, 2-quinoxalyl, 1-phenanthridyl and 1-phenazyl. 

A can bind to the metal M either intermolecularly or intramolecularly. A is preferably 
bound intramolecularly to M. The synthesis to bind A to the cyclopentadienyl ring can be carried 
out, for example, by a method analogous to that of M. Enders et. al. in Chem. Ber. (1996), 129, 
459-463, or P. Jutzi and U. Siemeling in J. Orgmet. Chem. (1995), 500, 175-185. 
15 Examples of possible carboorganic substituents R 7A -R ,0A in A are the following: 

hydrogen, C.-Qo-alkyl which may be linear or branched, e.g. methyl, ethyl, n-propyl, isopropyl 
n-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl ' 
5- to 7-membered cycloalkyl which may in turn bear a C 6 -C, 0 -aryl group as substituent e g 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl or 
20 cyclododecyl, C 2 -C 20 -alkenyl which may be linear, cyclic or branched and in which the double 
bond may be internal or terminal, e.g. vinyl, 1-allyl, 2-allyl, 3-allyl, butenyl, pentenyl, hexenyl 
cyclopentenyl, cyclohexenyl, cyclooctenyl or cyclooctadienyl, C 6 -C 20 -aryl which may bear 
further alkyl groups as substituents, e.g. phenyl, naphthyl, biphenyl, anthranyl o- m- p- 
methylphenyl, 2,3-, 2,4-, 2,5- or 2,6-dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-,2,4,6- or 3 4 5- 
25 tnmethylphenyl, or arylalkyl which may bear further alkyl groups as substituents, e.g. benzyi o- 
m-, p-methylbenzyl, 1- or 2-ethylphenyl, where two vicinal radicals R 7A to R ,0A may also be 
bound to form a 5- or 6-membered ring or may be substituted by halogens, e.g. fluorine, chlorine 
or bromine, or alkyl or aryl. R 7a -R>°a „ preferaWy each ^ 

isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, benzyl or phenyl In 
30 organosilicon substituents SiR» A 3 , possible radicals R 1,A are the same radicals as mentioned in 
more detail above, with two R" A also being able to be joined to form a 5- or 6-membered ring 
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e.g. trimethylsilyl, triethylsilyl, butyldimethylsilyl, tributylsilyl, tri-tert-butylsilyl, triallylsilyl, 
triphenylsilyl or dimethylphenylsilyl. 

In particular, 0 or 1 E IA -E 4A in A is nitrogen and the others are carbon. A is particularly 
preferably2-pyridyl, 6-methyl-2- P yridyl,4-methyl-2-pyridyl, 5-methyl-2-pyridyl, 5-ethyl-2- 
pyndyl, 4,6-dimethyl-2- P yridyl, 3-pyridazyl, 4-pyrimidyl, 6-methyl-4-pyrimidyl, 2-pyrazinyI 6- 
methyl-2-pyrazinyl, 5-methyl-2-pyrazinyl, 3-methyl-2-pyrazinyl, 3-ethyl-2-pyra2inyl 3 5 6- 
trimethyl-2-pyrazinyl, 2-quinolyl, 4-methyl-2-quinolyl > 6-methyl-2-quinolyl, 7-methyl-2-' 
quinolyl, 2-quinoxalyl or 3-methyl-2-quinoxalyl. 

The chromium is particularly preferably present in one of the oxidation states 2 3 and 4 
m particular 3. The chromium complexes can be obtained in a simple manner by reacting the 
appropriate metal salts, e.g. chromium chlorides, with the ligand anion (e.g. using a method 
analogous to the examples inDE 197 10615). 

In the process of the present invention, preference is given to monocyclopentadienyl 
complexes A) of the formula (Cp-Z-A)CrX k (la), where the variables Cp, Z and A are as 
defined above and their preferred embodiments are also preferred here and: 
X are each, independently of one another, fluorine, chlorine, bromine, iodine, 

hydrogen, C-C.o-alkyl, C 2 -C 10 -alkenyl, Q-Qo-aryl, alkylaryl having 1-10 carbon 
atoms in the alkyl part and 6-20 carbon atoms in the aryl part, NR'R 2 , OR 1 , SR 1 , 
SO3R 1 , OC(0)R', CN, SCN, p-diketonate, CO, BF 4 ", PF 6 - or a bulky ' 
20 noncoordinating anion, 

are each, independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 20 -alkenyl, 
C 6 -C 20 -aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 
carbon atoms in the aryl part or SiR 3 3 , where the organic radicals R'-R 2 may also be 
substituted by halogens or nitrogen- and oxygen-containing groups and two radicals 
R -R 2 may also be joined to form a five- or six-membered ring, 
are each, independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 20 -alkenyl, 
C 6 -C 20 -aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 ' 
carbon atoms in the aryl part and two radicals R 3 may also be joined to form a five- 
or six-membered ring and 
30 k isl,2or3. 
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The embodiments and preferred embodiments of Cp, Z and A described above also apply 
individually and in combination to these preferred monocyclopentadienyl complexes A). 

The ligands X can result, for example, from the choice of the corresponding starting 
chromium compounds which are used for the synthesis of the monocyclopentadienyl complexes, 
5 but can also be varied afterwards. Suitable ligands X are, in particular, the halogens fluorine, 
chlorine, bromine or iodine, in particular chlorine. Alkyl radicals such as methyl, ethyl, propyl, 
butyl, vinyl, allyl, phenyl or benzyl are also advantageous ligands X. Further possible ligands X 
are, purely by way of example and not in any way exhaustively, trifluoroacetate, BF 4 \ PF 6 ' and 
weakly coordinating or noncoordinating anions (cf, for example, Strauss in Chem. Rev. 1993, 
10 93, 927-942) such as B(C 6 F 5 ) 4 -. 

Amides, alkoxides, sulfonates, carboxylates and p-diketonates are also particularly 
suitable ligands X. Variation of the radicals R 1 and R 2 enables, for example, physical properties 
such as solubility to be finely adjusted. Possible carboorganic substituents R*-R 2 are, for 
example, the following: C-Qjo-alkyl which may be linear or branched, for example methyl, 
15 ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, 
n-nonyl, n-decyl or n-dodecyl, 5- to 7-membered cycloalkyl which may in turn bear a 
CVCo-aryl group as substituent, e.g. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl, cyclooctyl, cyclononyl or cyclododecyl, C 2 -C 20 -alkenyl which may be linear, cyclic 
or branched and have an internal or terminal double bond, e.g. vinyl, 1-allyl, 2-allyl, 3-allyl, 
10 butenyl, pentenyl, hexenyl, cyclopentenyl, cyclohexenyl, cyclooctenyl or cyclooctadienyl, 

Qs-CW-aryl which may be substituted by further alkyl groups and/or N- or O-containing radicals, 
e.g. phenyl, naphthyl, biphenyl, anthranyl, o-, m-, p-methylphenyl, 2,3-, 2,4-, 2,5- or 
2,6-dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- or 3,4,5-trimethylphenyl, 2- 
methoxyphenyl, 2-N,N-dimethylaminophenyl or arylalkyl which may be substituted by further 
alkyl groups, e.g. benzyl, o-, m-, p-methylbenzyl, 1- or 2-ethylphenyl, where R 1 may also be 
joined to R 2 to form a 5- or 6-membered ring and the organic radicals R'-R 2 may also be 
substituted by halogens, e.g. fluorine, chlorine or bromine. In organosilicon substituents SiR 3 3 , 
R 3 may be the same radicals as described in more detail above for R'-R 2 , with two R 3 also being 
able to be joined to form a 5- or 6-membered ring. Examples of substituents SiR 3 3 are 
trimethylsilyl, triethylsilyl, butyldimethylsilyl, tributylsilyl, triaUylsilyl, triphenylsilyl and 
dimethylphenylsilyl. Preference is given to using C.-Co-alkyl such as methyl, ethyl, n-propyl, 
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n-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl and also vinyl, allyl, benzyl and phenyl as 
radicals R 1 and R 2 . Some of these substituted ligands X are very particularly preferably used 
since they are obtainable from cheap and readily available starting materials. In a particularly 
preferred embodiment X is dimethylamide, methoxide, ethoxide, isopropoxide, phenoxide, 
naphthoxide, triflate, p-toluenesulfonate, acetate or acetylacetonate. 

The number k of the ligands X depends on the oxidation state of the chromium. The 
number k can therefore not be specified in general terms. The oxidation state of the transition 
metals M in catalytically active complexes is usually known to a person skilled in the art. 
Chromium is very probably present in the oxidation state +3. However, it is also possible to use 
complexes whose oxidation state does not correspond to that of the active catalyst. Such 
complexes can then be appropriately reduced or oxidized by means of suitable activators. 
Preference is given to using chromium complexes in the oxidation state +3. 

Furthermore, we have found catalyst systems for olefin polymerization comprising 
A*) at least one monocyclopentadienyl complex A') comprising the structural feature of the 
formula (Cp- CR 5B R 6B -A)Cr (TV), where the variables have the following meanings: 




Cp-CR 5B R 6B -A is A : ([) (V) 



where 

R ,B -R 4B are each, independently of one another, hydrogen, Ci-C 20 -alkyl, C 2 -C 20 -alkenyl, 
C6-C 2 o-aryl, alkylaryl having from 1 to 1 0 carbon atoms in the alkyl radical and 
6-20 carbon atoms in the aryl radical, NR 5A 2 , N(SiR' 1B 3 ) 2 , OR 1 ,B , OSiR 1 1B 3 , 
SiR B 3 , BR 1 1B 2 , where the organic radicals R ,B -R 4B may also be substituted by 
halogens and two vicinal radicals R ,B -R 4B may also be joined to form a five- or six- 
membered ring, 

R 5B ,R 6B are each hydrogen or methyl, 
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R 



8B 



7B 

A is R p \^E^B^^ 



Lb (VI) 



10B 



where 

E lB_g4B 



are each carbon or nitrogen, 



r'b. r .ob are each> independently of one maamt hydrogen> C-C^alkyl, C 2 -C 20 -alkenyl, 
5 C 6 -C 2 o-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 

6-20 carbon atoms in the aryl part or SiR 1 IB 3 , where the organic radicals R 7B -R 10B 
may also bear halogens or nitrogen or further C,-C 20 -alkyl groups, C 2 -C 20 -alkenyl 
groups, C 6 -C 20 -aryl groups, alkylaryl groups having from 1 to 10 carbon atoms in 
the alkyl part and 6-20 carbon atoms in the aryl part or SiR 1 ,B 3 as substituents and 
10 two vicinal radicals R 7B -R ,0B may also be joined to form a five- or six-membered 

ring, 

R llB are each, independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 20 -alkenyl, 
C 6 -C 20 -aryl or alkylaryl having from 1 to 1 0 carbon atoms in the alkyl part and 
6-20 carbon atoms in the aryl part and two radicals R 1 18 may also be joined to form 
15 a five- or six-membered ring, 

P is 0 when E 1 B -E 4B is nitrogen and is 1 when E ,B -E 4B is carbon, 

where at least one radical R 7B -R I0B is C,-C 20 -alkyl, C 2 -C 20 -alkenyl, C 6 -C 20 -aryl, alkylaryl 
having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part or 
SiR 1 ,B 3 and the organic radicals R 7B -R ,0B may also bear halogens or nitrogen or further 
C,-C 20 -alkyl groups, C 2 -C 20 -alkenyl groups, C 6 -C 20 -aryl groups, alkylaryl groups having 
from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part or SiR 5C 3 
as substituents and two vicinal radicals R 7B -R ,0B may also be joined to form a five- or six- 
membered ring or at least one E 1B -E 4B is nitrogen, 

B) optionally an organic or inorganic support, 

C) optionally one or more activating compounds and 
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D) optionally one or more metal compounds containing a metal of group 1, 2 or 13 of the 
Periodic Table. 

The monocyclopentadienyl complexes A') of the present invention comprise the 
structural element of the formula (Cp-CR 5B R 6B -A)Cr (IV), where the variables are as defined 
above. Further ligands can therefore be bound to the metal atom M. The number of further 
ligands depends, for example, on the oxidation state of the metal atom. Possible further ligands 
do not include further cyclopentadienyl systems. Suitable further ligands are monoanionic and 
dianionic ligands as are described, for example, for X. In addition, Lewis bases such as amines, 
ethers, ketones, aldehydes, esters, sulfides or phosphines can also be bound to the metal center' 
M. 

The polymerization behavior of the metal complexes can likewise be influenced by 
variation of the substituents R IB -R 4B . The number and type of substituents can influence the 
ability of the olefins to be polymerized to gain access to the metal atom Cr. This makes it 
possible to modify the activity and selectivity of the catalyst in respect of various monomers, in 
particular bulky monomers. Since the substituents can also influence the rate of teimination 
reactions of the growing polymer chain, the molecular weight of the polymers formed can also 
be altered in this way. The chemical structure of the substituents R ,B to R 4B can therefore be 
varied within a wide range in order to achieve the desired results and to obtain a tailored catalyst 
system. Possible carboorganic substituents R ,B -R 4B are, for example, the following: C.-Qo-alkyl 
which may be linear or branched, e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert- 
butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl, 5- to 7-membered 
cycloalkyl which may in turn bear a C 6 -C 10 -aryl group as substituted, e.g. cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl or cyclododecyl, C 2 - 
C 20 -alkenyl, which may be linear, cyclic or branched and in which the double bond can be 
internal or terminal, e.g. vinyl, 1-allyl, 2-allyl, 3-allyl, butenyl, pentenyl, hexenyl, cyclopentenyl, 
cyclohexenyl, cyclooctenyl or cyclooctadienyl, C 6 -C 20 -aryl which may bear further alkyl groups 
as substituents, e.g. phenyl, naphthyl, biphenyl, anthranyl, o-, m-, p-methylphenyl, 2,3-, 2,4-, 
2,5- or 2,6-dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- or 3,4,5-trimethylphenyl, or ' 
arylalkyl which may bear further alkyl groups as substituents, e.g. benzyl, o-, m-, p- 
methylbenzyl, 1- or 2-ethylphenyl, where two R ,B to R 4B may also be joined to form a 5- or 6- 
membered ring and the organic radicals R IB -R 4B may also be substituted by halogens such as 



18 



LU 6084 

fluorine, chlorine or bromine. Furthermore, R 1B -R« B may also be amino or alkoxy, for example 
dimethylamino, N-pyrrolidinyl, picolinyl, methoxy, ethoxy or isopropoxy. As organosilicon 
substituents SiR ,,B 3 , R» B maybe the same radicals as described in more detail above for the 
carboorganic radicals R IB -R« with two R" B also being able to be joined to form a 5- or 6- 
membered ring, e.g. trimethylsilyl, triethylsilyl, butyldimethylsilyl, tributylsilyl, tri-tert- 
butylsilyl, triallylsilyl, triphenylsilyl or dimethylphenylsilyl. These SiR 1 1B 3 radicals may also be 
bound to the cyclopentadienyl skeleton via an oxygen or nitrogen atom, for example 
trimethylsilyloxy, triethylsilyloxy, butyldimethylsilyloxy, tributylsilyloxy or tri-tert- 
butylsilyloxy. Preferred radicals R 1 b -R<* ^ hydrogen> methyI> ^ n _ 
butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, vinyl, allyl, benzyl, phenyl, ortho- 
dialkyl- or ortho-dichloro-substituted phenyls, trialkyl- or trichloro-substituted phenyls, 
naphthyl, biphenyl and anthranyl. As organosilicon substituents, particular preference is given to 
trialkylsilyl groups having from 1 to 10 carbon atoms in the alkyl radical, in particular 
trimethylsilyl groups. 

Examples of such cyclopentadienyl systems (without the group -CR 5B R 6B -A, which is 
preferably located in the 1 position) are 3-methylcyclopentadienyl, 3-ethylcyclopentadienyl, 3- 
isopropylcyclopentadienyl, 3-tert-butylcyclopentadienyl, dialkylcyclopentadienyl such as 
tetrahydroindenyl, 2,4-dimethylcyclopentadienyl or S-methyl-S-tert-butylcyclopentadienyl, 
trialkylcyclopentadienyl such as 2,3,5-trimethylcyclopentadienyl or tetraalkylcyclopentadienyl 
such as 2,3,4,5-tetramethylcyclopentadienyl. 

Preference is also given to compounds in which two vicinal radicals R 1B -R 4B , in 
particular R 1B together with R 2B and/or R 3B together with R 4B , form a fused ring system, in . 
particular a C 6 ring system, particularly preferably an aromatic C 6 ring system, i.e. together with 
the cyclopentadienyl C 5 ring form, for example, an unsubstituted or substituted indenyl, 
benzindenyl, phenanthrenyl, fluorenyl or tetrahydroindenyl system, e.g. indenyl, 2- 
methylindenyl, 2-ethylindenyl, 2-isopropylindenyl, 3-methylindenyl, benzindenyl or 2- 
methylbenzindenyl. In particular, R< B and R 2B together with the cyclopentadienyl system form a 
substituted or unsubstituted indenyl system. 

The fused ring system may bear further C.-Qo-alkyl groups, C 2 -C 20 -alkenyl groups, C 6 - 
C 20 -aryl groups, alkylaryl groups having from 1 to 10 carbon atoms in the alkyl part and 
6-20 carbon atoms in the aryl part, NR ,,B 2 , N(SiR l,B 3 ) 2> OR IIB , OSiR ,,B 3 or SiR 1,B 3 , e.g. 4- 
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methylindenyl, 4-ethylindenyl, 4-isopropylindenyl, 5-methylindenyl, 4-phenylindenyl, 5-methyl- 
4-phenylindenyI, 2-methyl-4-phenylindenyl or 4-naphthylindenyl. 

As in the case of metallocenes, the monocyclopentadienyl complexes A) of the present 
invention may be chiral. Thus, one of the substituents R IB -R 4B of the cyclopentadienyl skeleton 
5 can have one or more chiral centers, or else the cyclopentadienyl system Cp can itself be 

enantiotopic, so that chirality is induced only when the cyclopentadienyl system is bound to the 
transition metal M (for foimalisms regarding chirality in cyclopentadienyl compounds, cf. R. 
Halterman, Chem. Rev. 92, (1992), 965-994). 

The bridge — CR 5B R SB - between the cyclopentadienyl system Cp and the heteroaromatic A 

10 is an organic divalent bridge. — CR 5B R 6B - can be -CH 2 -, -CHCH 3 - or-C(CH 3 ) 2 -. — CR 5B R 6B - is 
preferably -CH 2 - or -CHCH 3 - particularly preferably -CH 2 -. — CR 5B R 6B - is very particularly 
preferably bound both to the fused heterocycle or fused-on aromatic and to the cyclopentadienyl 
skeleton. Thus, if the heterocycle or aromatic is fused on in the 2,3 position of the 
cyclopentadienyl skeleton, -CR 5B R 6B - is preferably located in the 1 or 4 position of the 

15 cyclopentadienyl skeleton. 

Examples of possible carboorganic substituents R 7B -R ,0B in A are the following: 
hydrogen, C,-C 20 -alkyl which may be linear or branched, e.g. methyl/ethyl, n-propyl, isopiopyl, 
n-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyt, ' 
5- to 7-membered cycloalkyl which may in turn bear a C 6 -C 10 -aryl group as substituent, e.g. 

20 cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl or 

cyclododecyl, C 2 -C 20 -alkenyl which may be linear, cyclic or branched and in which the double 
bond can be internal or terminal, e.g. vinyl, 1-allyl, 2-allyl, 3-allyl, butenyl, pentenyl, hexenyl, 
cyclopentenyl, cyclohexenyl, cyclooctenyl or cyclooctadienyl, C 6 -C 20 -aryl which may bear 
further alkyl groups as substituents, e.g. phenyl, naphthyl, biphenyl, anthranyl, o-, m-, p- 

15 methylphenyl, 2,3-, 2,4-, 2,5- or 2,6-dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- or 3,4,5- 
trimethylphenyl, and arylalkyl which may bear further alkyl groups as substituents, e.g. benzyl, 
o-, m-, p-methylbenzyl, 1- or 2-ethylphenyl, where two vicinal radicals R 78 to R 10B may also be 
joined to form a 5- or 6-membered ring or may also be substituted by halogens, e.g. fluorine, 
chlorine or bromine, or alkyl or aryl. R 7B -R«°b ^ each preferably hydrogeil) methyU ethyJ> fl . 

0 propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, benzyl or 
phenyl. In organosilicon substituents SiR ,,B 3 , possible radicals R I1B are the same radicals 
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mentioned in more detail above for R ,1A , with two R ,IB also being able to be joined to form a 5- 
or 6-membered ring, e.g. trimethylsilyl, trietfaylsilyl, butyldimethylsilyl, tributylsilyl, tri-tert- 
butylsilyl, triallylsilyl, triphenylsilyl or dimethylphenylsilyl. 

A is a substituted or fused heteroaromatic, six-membered ring system having 1, 2, 3, 4 or 
5 nitrogen atoms in the heteroaromatic part which is bound to — CR 5B R 6B - or an unsubstitute'd, 
substituted or fused heteroaromatic, six-membered ring system having 2, 3, 4 or 5 nitrogen atoms 
in the heteroaromatic part which is bound to -CR 5B R 6B -, in particular 2-quinolyl or substituted 
2-pyridyl. Examples of 6-membered heteroaryl groups, which can contain from two to five 
nitrogen atoms, are 2-pyrimidinyl, 4-pyrirnidinyl, 2-pyrazinyl, l,3,5-triazin-2-yl and 1,2,4- 
triazin-3-yl, l,2,4-triazin-5-yl and l,2,4-triazin-6-yl. The 6-membered heteroaryl groups may 
also bear C.-C.o-alkyl groups, C 6 -C l0 -aryl groups, alkylaryl groups having from 1 to 10 carbon 
atoms in the alkyl part and 6-10 carbon atoms in the aryl part, trialkylsilyl groups or halogens 
such as fluorine, chlorine or bromine as substituents or be fused with one or more aromatics or 
heteroaromatics. Examples of benzo-fused 6-membered heteroaryl groups are 2-quinolyl, 3- 
cinnolyl, 2-quinazolyl, 4-quinazolyl, 2-quinoxalyl, 1-phenanthridyl and 1-phenazyl. 

A can bind to the chromium either intermolecularly or intramolecularly. A is preferably 
bound intramolecularly to Cr. The synthesis to bind A to the cyclopentadienyl ring can be carried 
out, for example, by a method analogous to that of P. Jutzi and U. Siemeling in J. Orgmet Chem 
(1995), 500, 175-185. 

In particular, 1 E 1B -E 4B is nitrogen and the others are carbon. A is particularly preferably 

3- pyridazyl, 4-pyrimidyl, 6-methyl-4-pyrimidyl, 2-pyrazinyl, 6-methyl-2-pyrazinyl, 5-methyl- 
2-pyrazinyl, 3-methyl-2-pyrazinyl, 3-ethyl-2-pyrazinyl, 3,5,6-trimethyl-2-pyrazinyl, 2-quinolyl, 

4- methyl-2-quinolyl, 6-methyl-2-quinolyl, 7-methyl-2-quinolyl, 2-quinoxalyl or 3-methyl- 
2-quinoxalyl. 

Furthermore, preference is given to monocyclopentadienyl complexes in which all E ,B - 
E 4B are carbon and at least one, preferably one, radical R 7B -R 10B is C.-Cao-alkyl, C 2 -C 20 -alkenyl, 
C6-C 20 -aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms' 
in the aryl part or SiR ,,B 3 . A is particularly preferably 6-methyl-2-pyridyl, 4-methyl-2-pyridyI, 5- 
methyl-2-pyridyl, 5-ethyl-2-pyridyl, 4,6-dimethyl-2-pyridyl or 6-benzyl-2-pyridyl. 

Chromium is particularly preferably present in one of the oxidation states 2, 3 and 4, in 
particular 3. The chromium complexes can be obtained in a simple manner by reacting the ' 
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appropriate metal salts, e.g. chromium chlorides, with the ligand anion (e.g. using a method 
analogous to the examples in DE 197 10615). 

The monocyclopentadienyl complex A') can be present as a monomeric, dimeric or 
trimeric compound. It is possible, for example, for one or more ligands X to bridge two metal 
centers M. 

In the process of the present invention, preference is given to monocyclopentadienyl 
complexes A') of the formula (Cp-CR 5B R 6B -A)CrX k (VII), where the variable Cp-CR 5B R 6B -A is 
as defined above and its preferred embodiments are also preferred here and: 
X are each, independently of one another, fluorine, chlorine, bromine, iodine, 

hydrogen, C,-C, 0 -alkyl, C 2 -C l0 -alkenyl, C 6 -C 2 o-aryl, alkylaryl having 1-10 carbon 
atoms in the alkyl part and 6-20 carbon atoms in the aryl part, NR'R 2 , OR 1 , SR 1 , 
SOjR 1 , OC(0)R\ CN, SCN, p-diketonate, CO, BF 4 ~, PF 6 " or a bulky 
noncoordinating anion, 
R'-R 2 are each, independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 20 -alkenyl, 
C 6 -C 20 -aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 
carbon atoms in the aryl part or SiR 3 3 , where the organic radicals R J -R 2 may also be 
substituted by halogens or nitrogen- and oxygen-containing groups and two radicals 
R -R may also be joined to form a five- or six-membered ring, 
R are each, independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 20 -alkenyl, 

C 6 -C 20 -aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 
carbon atoms in the aryl part and two radicals R 3 may also be joined to form a five- 
or six-membered ring and 
k is 1,2 or 3. 

The embodiments and preferred embodiments mentioned above for Cp-CR 5B R 6B -A also 
apply individually and in combination to these preferred monocyclopentadienyl complexes A'). 

The ligands X can result, for example, from the choice of the corresponding starting 
chromium compounds which are used for the synthesis of the monocyclopentadienyl complexes 
A'), but can also be varied afterwards. Suitable ligands X are, in particular, the halogens fluorine, 
chlorine, bromine or iodine, in particular chlorine. Alkyl radicals such as methyl, ethyl, propyl, 
butyl, vinyl, allyl, phenyl or benzyl are also advantageous ligands X. Further possible ligands X 
are, purely by way of example and not in any way exhaustively, trifluoroacetate, BF 4 ", PF«f and 
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weakly coordinating or noncoordinating anions (cf., for example, Strauss in Chem. Rev. 1993, 
93, 927-942) such as B(C 6 F 5 ) 4 -. 

Amides, alkoxides, sulfonates, carboxylates and p-diketonates are also particularly 
suitable ligands X. Variation of the radicals R' and R 2 enables, for example, physical properties 
such as solubility to be finely adjusted. Possible carboorganic substituents R'-R 2 are, for 
example, the following: C-Cjo-alkyl which may be linear or branched, for example methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl,' 
n-nonyl, n-decyl or n-dodecyl, 5- to 7-membered cycloalkyl which may in turn bear a 
C 6 -C I0 -aryl group as substituent, e.g. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl, cyclooctyl, cyclononyl or cyclododecyl, C 2 -C 20 -alkenyl which may be linear, cyclic 
or branched and have an internal or terminal double bond, e.g. vinyl, l-allyl, 2-allyl, 3-allyl, 
butenyl, pentenyl, hexenyl, cyclopentenyl, cyclohexenyl, cyclooctenyl or cyclooctadienyl, ' 
C 6 -C 2 <raryl which may be substituted by further alkyl groups and/or N- or O-containing radicals, 
e.g. phenyl, naphthyl, biphenyl, anthranyl, o-, m-, p-methylphenyl, 2,3-, 2,4-, 2,5- or 
2,6-dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- or 3,4,5-trimethylphenyl, 2- 
methoxyphenyl, 2-N,N-dimethylaminophenyl or arylalkyl which may be substituted by further 
alkyl groups, e.g. benzyl, o-, m-, p-methylbenzyl, 1- or 2-ethylphenyl, where R 1 may also be 
joined to R 2 to form a 5- or 6-membered ring and the organic radicals R»-R 2 may also be 
substituted by halogens, e.g. fluorine, chlorine or bromine. In organosilicon substituents SiR 3 3 , 
R 3 may be the same radicals as described in more detail above for R»-R 2 , with two R 3 also being 
able to be joined to form a 5- or 6-membered ring. Examples of substituents SiR 3 3 are 
trimethylsilyl, triethylsilyl, butyldimethylsilyl, tributylsilyl, triallylsilyl, triphenylsilyl and 
dimethylphenylsilyl. Preference is given to using C-C.o-alkyl such as methyl, ethyl, n-propyl, 
n-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl and also vinyl, allyl, benzyl and phenyl as 
radicals R 1 and R 2 . Some of these substituted ligands X are very particularly preferably used 
since they are obtainable from cheap and readily available starting materials. In a particularly 
preferred embodiment X is dimethylamide, methoxide, ethoxide, isopropoxide, phenoxide, 
naphthoxide, triflate, p-toluenesulfonate, acetate or acetylacetonate. 

The number k of the ligands X depends on the oxidation state of the chromium. The 
number k can therefore not be specified in general terms. The oxidation state of the transition 
metals M in catalytically active complexes is usually known to a person skilled in the art. 
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Chromium is very probably present in the oxidation state +3. However, it is also possible to use 
complexes whose oxidation state does not correspond to that of the active catalyst. Such 
complexes can then be appropriately reduced or oxidized by means of suitable activators. 
Preference is given to using chromium complexes in the oxidation state +3. 

Furthermore, we have found a process for preparing cyclopentadienyl system anions of 
the formula (Vila), 




(Vila) 



where the variables have the following meanings: 

R ,B -R 4B are each, independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 20 -alkenyl, C 6 -C 20 - 
aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl radical and 6-20 carbon 
atoms in the aryl radical, NR 5A 2 , N(SiR ,1B 3 ) 2 , OR ,1B , OSiR' ,B 3 , SiR 1 ,B 3 , BR 1 ,B 2 , where 
the organic radicals R 1B -R 4B may also be substituted by halogens and two vicinal 

6 b radiCalS R,B " R4B ^ alS ° ^ JOined t0 f0Tm a fiVC " ° r sbc - memb< *ed ring, 
R ,R are each hydrogen or methyl, 

A is V^E^^rJB 

1 ±< B (V,) 

where 

E ,B -E 4B are each carbon or nitrogen, 

R 7B -R ,0B are each, independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 20 -alkenyl, 
Cs-Qo-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 
6-20 carbon atoms in the aryl part or SiR ,1B 3 , where the organic radicals R 7B -R« 0B may 
also bear halogens or nitrogen or further C,-C 20 -alkyl groups, C 2 -C 20 -alkenyl groups, 
C 6 -C 20 -aryl groups, alkylaryl groups having from 1 to 10 carbon atoms in the alkyl part 
and 6-20 carbon atoms in the aryl part or SiR 1 1B 3 as substituents and two vicinal radicals 
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R 7B -R 10B may also be joined to form a five- or six-membered ring, 

1 1 B 

R are each, independently of one another, hydrogen, C r C 20 -alkyl, C 2 -C 20 -alkenyl, C 6 -C 20 - 
aryl or alkylaryl haying from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon 
atoms in the aryl part and two radicals R 11B may also be joined to form a five- or six- 
membered ring, 

p is 0 when E ,B -E 4B is nitrogen and is 1 when E 1B -E 4B is carbon, 

where at least one radical R 7B -R 10B is C,-C 2 o-alkyl, C 2 -C 20 -alkenyl, C 6 -C 20 -aryl, alkylaryl having 
from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part or SiR 1 1B 3 and 
the organic radicals R 7B -R ,0B may also bear halogens or nitrogen or further Ci-C 20 -alkyl groups, 
, C 2 -C 20 -alkenyl groups, C 6 -C 2 o-aryl groups, alkylaryl groups having from 1 to 10 carbon atoms in 
the alkyl part and 6-20 carbon atoms in the aryl part or SiR 5C 3 as substituents and two vicinal 
radicals R 7B -R I0B may also be joined to form a five- or six-membered ring or at least one E 1B -E 4B 
is nitrogen, 

which comprises the step a), where, in step a), a fulvene of the formula (VlUa) 



(Villa) 



is reacted with an A" anion of the formula (Villa) 
R 8B 




^ (Villa) 



-1. 



where the variables are each as defined above. 

The variables and their preferred embodiments have been described above. 

Fulvenes have been known for a long time and can be prepared, for example, as 
described by Freiesleben, Angew. Chem. 75 (1963), p. 576. 

The countercation of the cyclopentadienyl system anion (Vila) is the cation of the A" 
anion. This is generally a metal of group 1 or 2 of the Periodic Table of the Elements which may 
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bear further ligands. Particular preference is given to lithium, sodium, or potassium cations which 
may also hear uncharged ligands such as amines or ethers and magnesium chloride or 
magnesium bromide cations, which may likewise bear further uncharged ligands, in particular 
lithium, magnesium chloride or magnesium bromide cations. ' 

The A" anion is usually obtained by a metal-halogen exchange reaction of A halide with a 
metal alkyl compound containing a metal of group 1 or 2, in particular lithium, magnesium 
chloride or magnesium bromide cations. Suitable metal alkyls are, for example, lithium alkyls 
magnesium alkyls, magnesium (alkyl) halides or mixtures thereof. The molar ratio of metal alkyl 
compound to A halide is usually in the range from 0.4:1 to 100:1, preferably in the range from 
0.9:1 to 10:1 and particularly preferably from 0.95:1 to 1.1:1. Examples of such reactions are 
described, inter alia, by Furukawa et al. in Tet. Lett. 28 (1987), 5845. As solvents, it is possible 
to use all aprotic solvents, in particular aliphatic and aromatic hydrocarbons such as n-pentane 
n-hexane, isohexane, n-heptane, isoheptane, decalin, benzene, toluene, ethylbenzene or xylene or 
ethers such as diethyl ether, dibutyl ether, tetrahydrofuran, dimethoxyethane or diethylene glycol 
diethyl ether and mixtures thereof. The halogen-metal exchange can be carried out at from 
-100 to -H60°C, in particular from -80 to 100°C. At temperatures above 40°C, preference is 
given to using aromatic or aliphatic solvents which contain no ethers or only small proportions of 
ethers. 

Particularly preferred A" systems are 2-pyridinyl, 3-pyridazinyI, 2-pyrimidinyl, 4- 
pynmidinyl, 2-pyrazinyl, 2-quinoIyl, 3-cinnolyl, 2-quinazolyl or 4-quinazolyl. 

The A' anion formed by metal-halogen exchange can be isolated but is preferably reacted 
wrth the fulvene (Villa) without further isolation. As solvents for the further reaction, it is 
possrble to use all aprotic solvents, in particular aliphatic and aromatic hydrocarbons such as 
n-pentane, n-hexane, isohexane, n-heptane, isoheptane, decalin, benzene, toluene, ethylbenzene 
or xylene or ethers such as diethyl ether, dibutyl ether, tetrahydrofuran, dimethoxyethane or 
diethylene glycol dimethyl ether and mixtures thereof. The deprotonation can be carried out at 
from -100 to +160°C, preferably from -80 to 100°C and particularly preferably from 0 to 60°C 
At temperatures above 40°C preference is given to using aromatic or aliphatic solvents which 
contain no ethers or only small proportions of ethers. 
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The cyclopentadienyl system anion (Villa) obtained in this way can then be reacted 
further with the appropriate transition metal compound, e.g. chromium trichloride 
tris(tetrahydrofuran), to give the corresponding monocyclopentadienyi complex (A). 

Furthermore, we have found a process for preparing cyclopentadiene systems of the 
formula (Vllb), 

\ R 2B 
D 5B \_ic s 

R E-~- — _2c 



I. 



/ E 

E 5C I (Vllb) 

\ M 



R 6B yc \ R 3B 

,R 4B 

where the variables have the following meanings: 

E -E are each carbon, where four adjacent E 1C -E 5C form a conjugated diene system and the 
remaining E 1C -E 5C additionally bears a hydrogen atom, 

R ,B -R 4B are each, independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 2 o-alkenyl, C 6 -C 20 - 
aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon 
atoms in the aryl part, NR 5A 2 , N(SiR 1,B 3 ) 2 , OR 1,B , OSiR ,,B 3 , SiR nB 3 , BR UB 2 , where the 
organic radicals R tB -R 4B may also be substituted by halogens and two vicinal radicals 
R IB -R 4B may also be joined to form a five- or six-membered ring, 

R 5B ,R 6B are each hydrogen or methyl, 

R n 8B 

7B I 

A is R p \ ib/E|! 3b_f£ b 

l 4B (V!) 

where 

E 1B -E 4B are each carbon or nitrogen, 

R 7B -R ,0B are each, independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 20 -alkenyl, C 6 - 
C 2 o-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon 
atoms in the aryl part or SiR ,,B 3 , where the organic radicals R 7B -R ,0B may also bear 

27 



10 



15 



20 



25 



LU 6084 

halogens or nitrogen or further C-C^-alkyl groups, C 2 -C 20 -alkenyl groups, C 6 -C 20 -aryl 
groups, alkylaryl groups having from 1 to 10 carbon atoms in the alkyl part and 
6-20 carbon atoms in the aryl part or SiR 1 IB 3 as substituents and two vicinal radicals 

X>7B t-* 10B t - . . 

" R "^^^^^Jo^edtoformafive-orsix-memberedring, 
R" B are each, independently of one another, hydrogen, C.-Qo-alkyl, C 2 -C 20 -alkenyl, CVQo- 
aryl or alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon 
atoms in the aryl part and two radicals R»* may also be joined to form a five- or six- 
membered ring, 

P is 0 when E ,B -E 4B is nitrogen and is 1 when E ,B -E 4B is carbon, 

where at least one R»*«« is C.-C^alkyl, C 2 -C 2 o-alkenyl, C 6 -C 20 -ary], alkylaryl having from 1 
to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part or SiR 1 1B 3 and the 
organic radicals R 7B -R«<* may also bear halogens or nitrogen or further C,-C 2 o-alkyI groups 
C 2 -C 20 -alkenyl groups, C 6 -C 20 -aryl groups, alkylaryl groups having from 1 to 10 carbon atoms in 
the alkyl part and 6-20 carbon atoms in the aryl part or SiR 5c 3 as substituents and two vicinal 
radicals R 7B -R ,0B raay a l so be joined to form a five- or six-membered ring or at least one E ,B -E 4B 
is nitrogen, which comprises the following step: 

a') reaction of an A-CR^R 68 " anion with a cyclopentenone system of the formula (DC) 



(IX) 



where the variables are as defined above. 

The variables and their preferred embodiments have been described above and those 
definitions also apply in this process. 

The cation of the A-CR 5B R»- anion is generally a metal of group 1 or 2 of the Periodic 
Table of the Elements which may bear further ligands. Particular preference is given to lithium 
sodium or potassium cations which may also bear uncharged ligands such as amines or ethers ' 
and magnesium chloride or magnesium bromide cations which may likewise bear further 
uncharged ligands. 
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The A-CR 5B R 6B " anion is usually obtained by deprotonation of A-CR 5B R 6B H. This can be 
carried out using strong bases such as lithium alkyls, sodium hydride, sodium amides, sodium 
alkoxides, sodium alkyls, potassium hydride, potassium amides, potassium alkoxides, potassium 
alkyls, magnesium alkyls, magnesium (alkyl) halides or mixtures thereof. The molar ratio of base 
to A-CR 5B R 6B H is usually in the range from 0.4:1 to 100:1, preferably in the range from 0.9:1 to 
10:1 and particularly preferably from 0.95:1 to 1.1:1. Examples of such deprotonations are 
described in L. Brandsma, Preparative polar organometallic chemistry 2, pp.133-142. 

As solvents in the deprotonation step, it is possible to use all aprotic solvents, in - 
particular aliphatic and aromatic hydrocarbons such as n-pentane, n-hexane, isohexane, n- 
heptane, isoheptane, decalin, benzene, toluene, ethylbenzene or xylene or ethers such as diethyl 
ether, dibutyl ether, tetrahydrofuran, dimethoxyethane or diethylene glycol dimethyl ether and 
mixtures thereof. The deprotonation can be carried out at from .100 to +160°C, in particular 
from -80 to 1 00°C. At temperatures above 40°C, preference is given to using aromatic or 
aliphatic solvents which contain no ethers or only small proportions of ethers as solvent. 
A-CR B R 6B H is particularly preferably a group of the formula (Vmb) 

f 

R »- II L B (VIHb) 



R 6B 



where the variables are as defined above. 

The CR 5B R 6B H group is preferably located in the ortho position relative to a nitrogen 
atom of A. A-CR 5B R 6B H is preferably 2,6-lutidine, 2,4-lutidine, 2,5-lutidine, 2,3- 
cycloheptenopyridine, 5-ethyl-2-methylpyridine, 2,4,6-collidine, 3-methylpyridazme, 4- 
methylpyrimidine, 4,6-dimethylpyrimidine, 2-methylpyrazine, 2-ethylpyrazine, 2,6- 
dimethylpyrazine, 2,5-dimethylpyrazine, 2,3-dimethylpyrazine, 2,3-diethylpyrazine, 
tetrahydroquinoxaline, tetramethylpyrazine, quinaldine, 2,4-dimethylquinoline, 
2,6-dimethylquinoline, 2,7-dimethylquinoline, 2-methylquinoxaline, 2,3-dimethylquinoxaline or 
neocuproin. 
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6D*f5iS36 M3U2*H3 



The A-CR 5B R 6B " anion formed after deprotonation can be isolated but is preferably 
reacted with the cyclopentenone (IX) without further isolation. As solvents for the further 
reaction, it is possible to use all aprotic solvents, in particular aliphatic and aromatic 
hydrocarbons such as n-pentane, n-hexane, isohexane, n-heptane, isoheptane, decalin, benzene 
toluene, ethylbenzene or xylene or ethers such as diethyl ether, dibutyl ether, tetrahydrofuran 
dimethoxyethane or diethylene glycol dimethyl ether and mixtures thereof. The reaction with the 
cyclopentenone (IX) can be carried out at from -100 to +160°C, preferably from -80 to 100°C 
and particularly preferably from 0 to 60°C. At temperatures above 40°C, preference is given to 
usmg aromatic or aliphatic solvents which contain no ethers or only small proportions of ethers 
as solvent. 

The cyclopentenolate formed by reaction of the A-CR 5B R 6B " anion with the 
cyclopentenone (IX) is usually protonated before dehydration. This can be carried out, for 
example, by means of small amounts of acid, for example HC1, or by means of an aqueous work- 
up. The intermediate obtained in this way, viz. a cyclopentenol, is subsequently dehydrated. This 
is often carried out with addition of catalytic amounts of acid, e.g. HC1 or p-toluenesulfonic acid 
or xodme. Dehydration can be carried out at from -10 to +160°C, preferably from 0 to 100<>C and 
particularly preferably from 20 to 80°C. As solvents, it is possible to use aprotic solvents in 
particular aliphatic and aromatic hydrocarbons such as n-pentane, n-hexane, isohexane n- 
heptane, isoheptane, decalin, bezene, toluene, ethylbenzene or xylene or ethers such as diethyl 
ether, dibutyl ether, tetrahydrofuran, dimethoxyethane or diethylene glycol dimethyl ether and 
.mixtures thereof. Particularly useful solvents are toluene or heptane. Water separators are often 
also utilized for the dehydration. 

This method of preparing the cyclopentadiene systems (VTlb) is particularly 
advantageous since it is carried out using simple starting materials and gives good yields The 
by-products formed (dehydration in the exo position) can be separated off in a simple manner by 
the further reactions to form the monocyclopentadienyl complex. The cyclopentadiene system 
(Vllb) obtained in this way can be deprotonated by customary methods, for example using 
potassium hydride or n-butyllithium, and reacted further with the appropriate transition metal 
compound, e.g. chromium trichloride tris(tetrahydrofuran), to give the corresponding 
monocyclopentadienyl complex (A'). The by-products undergo none of these reactions 
Furthermore, the cyclopentadiene system (VHb) can also be reacted directly with, for example 
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chromium amides to give the monocyclopentadienyl complex (A') in a manner analogous to the 
process in EP-A-742 046. The monocyclopentadienyl complexes of the present invention can be 
used alone or together with further components as catalyst systems for olefin polymerization. 

For the monocyclopentadienyl complexes A) or A') to be able to be used in 
polymerization processes in the gas phase or in suspension, it is often advantageous to use the 
metallocenes in the form of a solid, i.e. for them to be applied to a solid support B). Furthermore, 
the supported monocyclopentadienyl complexes have a high productivity. The 
monocyclopentadienyl complexes A) or A') can therefore also, if desired, be immobilized on an 
organic or inorganic support B) and used in supported form in the polymerization. This enables, 
for example, deposits in the reactor to be avoided and the polymer morphology to be controlled' 
As support materials, preference is given to using silica gel, magnesium chloride, aluminum 
oxide, mesoporous materials, aluminosilicates, hydrotalcites and organic polymers such as 
polyethylene, polypropylene, polystyrene, polytetrafluoroethylene or polar funcuonalized 
polymers, e.g. copolymers of ethene and acrylic esters, acrolein or vinyl acetate. 

Particular preference is given to a catalyst system comprising a monocyclopentadienyl 
complex A) or A') and at least one activating compound C) and also a support component B). 

To obtain such a supported catalyst system, the unsupported catalyst system A) or A') 
can be reacted with a support component B). The order in which the support component B), the 
monocyclopentadienyl complex A) or A') and the activating compound C) are combined is in 
principle immaterial. The monocyclopentadienyl complex A) or A') and the activating 
compound C) can be immobilized independently of one another, e.g. in succession or 
simultaneously. Thus, the support component B) can firstly be brought into contact with the 
activating compound or compounds C) or the support component B) can firstly be brought into 
contact with the monocyclopentadienyl complex A) or A'). Preactivation of the 
monocyclopentadienyl complex A) or A') using one or more activating compounds C) before 
mixing with the support B) is also possible. In one possible embodiment, the metal complex (A) 
can also be prepared in the presence of the support material. A further method of immobilization 
is prepolymerization of the catalyst system with or without prior application to a support. 

Immobilization is generally carried out in an inert solvent which can be removed by 
filtration or evaporation after immobilization has been carried out. After the individual process 



31 



10 



15 



20 



25 



30 



LU 6084 

steps, the solid can be washed with suitable inert solvents such as aliphatic or aromatic 
hydrocarbons and dried. However, the use of the still moist, supported catalyst is also possible. 

In a preferred method of preparing the supported catalyst system, at least one of the 
monocyclopentadienyl complexes A) or A') is brought into contact with at least one activating 
compound C) in a suitable solvent, preferably giving a soluble reaction product, an adduct or a 
mixture. The preparation obtained in this way is then mixed with the dehydrated or passivated 
support material, the solvent is removed and the resulting supported monocyclopentadienyl 
complex catalyst system is dried to ensure that all or most of the solvent has been removed from 
the pores of the support material. The supported catalyst is obtained as a free-flowing powder. 
Examples of the industrial implementation of the above process are described in WO 96/00243, 
WO 98/40419 or WO 00/05277. A further preferred embodiment comprises firstly applying the' 
activating compound C) to the support component B) and subsequently bringing this supported 
compound into contact with the monocyclopentadienyl complex A) or A'). 

As support component B), preference is given to using finely divided supports which can 
be any organic or inorganic solids. In particular, the support component B) can be a porous 
support such as talc, a sheet silicate such as montmorillonite, mica, an inorganic oxide or a finely 
divided polymer powder (e.g. a polyolefin or a polymer having polar functional groups). 

The support materials used preferably have a specific surface area in the range from 10 to 
1 000 m 2 /g, a pore volume in the range from 0. 1 to 5 ml/g and a mean particle size of from 1 to 
500 urn. Preference is given to supports having a specific surface area in the range from 50 to 
700 m 2 /g, a pore volume in the range from 0.4 to 3.5 ml/g and a mean particle size in the range 
from 5 to 350 urn. Particular preference is given to supports having a specific surface, area in the 
range from 200 to 550 m 2 /g, a pore volume in the range from 0.5 to 3.0 ml/g and a mean particle 
size of from 10 to 150 urn. 

The inorganic support can be subjected to a thermal treatment, e.g. to remove adsorbed 
water. Such a drying treatment is generally carried out at from 80 to 300°C, preferably from 100 
to 200°C. Drying at from 100 to 200°C is preferably carried out under reduced pressure and/or 
under a blanket of inert gas (e.g. nitrogen), or the inorganic support can be calcined at from 200 
to 1 000°C to produce the desired structure of the solid and/or the desired OH concentration on 
the surface. The support can also be treated chemically using customary desiccants such as metal 
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alkyls, preferably aluminum alkyls, chlorosilanes or SiCl 4 , or else methylaluminoxane. 
Appropriate treatment methods are described, for example, in WO 00/31090. 

The inorganic support material can also be chemically modified. For example, the 
treatment of silica gel with NH 4 SiF 6 or other fluorinating agents leads to fluorination of the silica 
gel surface, or treatment of silica gels with silanes containing nitrogen-, fluorine- or sulfur- 
containing groups leads to correspondingly modified silica gel surfaces. 

Organic support materials such as finely divided polyolefin powders (e.g. polyethylene, 
polypropylene or polystyrene) can also be used and are preferably likewise freed of adhering 
moisture, solvent residues or other impurities by appropriate purification and.drying operations 
before use. It is also possible to use functionalized polymer supports, e.g. ones based on 
polystyrene, polyethylene or polypropylene, via whose functional groups, for example 
ammonium or hydroxy groups, at least one of the catalyst components can be fixed. 

Inorganic oxides suitable as support component B) may be found among the oxides of 
elements of groups 2, 3, 4, 5, 13, 14, 15 and 16 of the Periodic Table of the Elements. Examples 
of oxides preferred as supports include silicon dioxide, aluminum oxide and mixed oxides of the 
elements calcium, aluminum, silicon, magnesium or titanium and also corresponding oxide 
mixtures. Other inorganic oxides which can be used alone or in combination with the 
abovementioned preferred oxidic supports are, for example, MgO, CaO, A1P0 4 , ZrQs, Ti0 2 , 
B2O3 or mixtures thereof. 

As solid support materials B) for catalysts for olefin polymerization, preference is given 
to using silica gels since particles whose size and structure make them suitable as supports for 
olefin polymerization can be produced from this material. Spray-dried silica gels comprising 
spherical agglomerates of smaller granular particles, i.e. primary particles, have been found to be 
particularly useful. The silica gels can be dried and/or calcined before use. 

Further preferred supports B) are hydrotalcites and calcined hydrotalcites. In mineralogy, 
hydrotalcite is a natural mineral having the ideal formula 

MgeAlzCOH), 6 C0 3 -4H 2 0 
whose structure is 'derived from that of brucite Mg(OH) 2 . Brucite crystallizes in a sheet structure 
with the metal ions in octahedral holes between two layers of close-packed hydroxyl ions, with 
only every second layer of the octahedral holes being occupied. In hydrotalcite, some 
magnesium ions are replaced by aluminum ions, as a result of which the packet of layers gains a 
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positive charge. This is compensated by the anions which are located together with water of 
crystallization in the layers in between. 

Such sheet structures are found not only in magnesium-aluminum hydroxides, but also 
generally in mixed metal hydroxides of the formula 

M(H) 2x 2 - , M(lIl) 2 3+ ( oH) 4x+4 .A^ n -.2H 2 O s 
which have a sheet structure and in which M(H) is a divalent metal such as Mg, Zn, Cu, Ni, Co 
Mn, Ca and/or Fe and M(HI) is a trivalent metal such as Al, Fe, Co, Mn, La, Ce and/or Cr, x is ' 
from 0.5 to 10 in steps of 0.5, A is an interstitial anion and n is the charge on the interstitial anion 
winch can be from 1 to 8, usually from 1 to 4, and z is an integer from 1 to 6, in particular from 2 
to 4. Possible interstitial anions are organic anions such as alkoxide anions, alkyl ether sulfates 
aryl ether sulfates or glycol ether sulfates, inorganic anions such as, ^particular, carbonate 
hydrogencarbonate,jntrate, chloride, sulfate or B(OH) 4 - or polyoxo metal anions such as 
Mot^ 6 - or VjoCW 5 -. However, a mixture of a plurality of such anions can also be present. 

Accordingly, all such mixed metal hydroxides having a sheet structure should be 
regarded as hydrotalcites for the purposes of the present invention. 

Calcined hydrotalcites can be prepared from hydrotalcites by calcination, i.e. heating by 
means of which the desired hydroxyl group content can be set. In addition, the crystal structure 
also changes. The preparation of the calcined hydrotalcites used according to the present 
invention is usually carried out at temperatures above 180°C. Preference is given to calcination 
for from 3 to 24 hours at from 250°C to 1 000°C, in particular from 400°C to 700°C. It is 
possible for air or inert gas to be passed over the solid or a vacuum to be applied during this step. 

On heating, the natural or synthetic hydrotalcites firstly give off water, i.e. drying occurs 
On further heating, the actual calcination, the metal hydroxides are converted into the metal 
oxides by elimination of hydroxyl groups and interstitial anions; OH groups or interstitial anions 
such as carbonate can also still be present in the calcined hydrotalcites. A measure of this is the 
loss on ignition. This is the weight loss experienced by a sample which is heated in two steps 
firstly for 30 minutes at 200°C in a drying oven and then for 1 hour at 950°C in a muffle furnace. 

The calcined hydrotalcites used as component B) are thus mixed oxides of the divalent 
and trivalent metals M(H) and M(IH), with the molar ratio of M(II) to M(IIQ generally being in 
the range from 0.5 to 10, preferably from 0.75 to 8 and in particular from 1 to 4. Furthermore 
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normal amounts of impurities, for example Si, Fe, Na, Ca or Ti and also chlorides and sulfates, 
can also be present. 

Preferred calcined hydrotalcites B) are mixed oxides in which M(H) is magnesium and 
MOD) is aluminum. Such aluminum-magnesium mixed oxides are obtainable from Condea 
Chemie GmbH (now Sasol Chemie), Hamburg, under the trade name Puralox Mg. 

Preference is also given to calcined hydrotalcites in which the structural transformation is 
complete or virtually complete. Calcination, i.e. transformation of the structure, can be 
confirmed, for example, by means of X-ray diffraction patterns. 

The hydrotalcites, calcined hydrotalcites or silica gels employed are generally used as 
finely divided powders having a mean particle diameter d so of from 5 to 200 um, preferably from 
10 to 1 50 um, particularly preferably from 15 to 100 um and in particular from 20 to 70 um, and 
usually have pore volumes of from 0. 1 to 10 cm 3 /g, preferably from 0.2 to 5 cm 3 /g, and specific 
surface areas of from 30 to 1 000 m 2 /g, preferably from 50 to 800 m 2 /g and in particular from 
100 to 600 m 2 /g. The monocyclopentadienyl complexes of the present invention are preferably 
applied in such an amount that the concentration of monocyclopentadienyl complexes in the 
finished catalyst system is from 5 to 200 umol, preferably from 20 to 100 umol and particularly 
preferably from 25 to 70 umol per g of support B). 

Some of the monocyclopentadienyl complexes A) or A') have little polymerization 
activity on their own and are then brought into contact with an activator, viz. the component C), 
to be able to display good polymerization activity. For this reason, the catalyst system optionally 
further comprises, as component C), one or more activating compounds, preferably at least one 
activating compound C). 

Suitable compounds C) which are able to react with the monocyclopentadienyl complex 
A) or A») to convert it into a catalytically active, or more active, compound are, for example, 
compounds such as an aluminoxane, a strong uncharged Lewis acid, an ionic compound having a 
Lewis-acid cation or an ionic compound containing a Bronsted acid as cation. 

The amount of activating compounds to be used depends on the type of activator. Li 
general, the molar ratio of metal complex A) or A') to activating compound C) can be from 1:0.1 
to 1:10 000, preferably from 1:1 to 1:2 000. 
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m „„^„ aIUmin ° XaneS ' " " POSSil " e '° f °' *• compos described in 

Ocularly use*, ahumnoxanes are open . chain or fcyc|fc 
compounds of the fonnula (X) or (XT) 

R \ . 

Al-f-O— Al— J-_R«° 



LfO— AIJ J 

R» 



(XI) 



25 



I each, independently of Me ^ . ^ p a 

eayl,bu ty lor I sob„ Wgr „ up , andlisanilltegerftollllto40>preferabiyftom4to25 

A particularly useful aluminoxane compound is medtylaluminoxane 

These „lig„ m eric aluminoxane compounds are usually prepared by controlled reaction of 

ohgomeric aluminoxane compounds obtained in mis way are in the form of mixtures ofboth 
hnear and cyclic chain molecules of various lengths, so ma. . is to bo regarded as a mean Tne 
ahnmnoxane compounds can also be present i» admixture with other meUl alkyls, usually 
alummum alky!, Aluminoxane preparations suitable as component C) are commercially 
available. y 

Furthermore, modified aluminoxanes in which some of me hydrocarbon radicals have 
been replaced by hydrogen a«oms or alkoxy, aryloxy, siloxy or amide radicals can also be used as 
component C) in place of the aluminoxane compounds of the formula (X) or (XI) 

*- *— <° advantageous to use the monocyclopentadieny. complexes A) or 
A ) and the aluminoxane compounds in such amount that the atomic ratio of aluminum from me 
ahunmoxane compounds including my ^ sa „ ^ ^ ^ 

Ure monocyclopentadienyl complex A) or A') is in the range from 1:1 to 2 000:1, preferably 
fiom 10:1 to 500:l and in particular in the range from 20:1 ,o4001 

A further class of suitable acnvaling components Q are hydroxyahnninoxanes. These can 
be prepared, for example, by addidon offrom 0.5 «o ,.2 events of water, preferably from 0.8 

1.2 eqmvalents ofwater, per equivalent of aluminum to an alkytaluminum compound, in 
particular hrisobutylamminum, a, low temperatures, usual.y below 0°C. Such compounds and 
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their use in olefin polymerization are described, for example, in WO 00/24787. The atomic ratio 
of aluminum from the hydroxyaluminoxane compound to the transition metal from the 
monocyclopentadienyl complex A)or A') is usually in the range from 1:1 to 100:1, preferably 
from 10:1 to 50:1 and in particular in the range from 20:1 to 40:1. Preference is given to using a 
monocyclopentadienyl metal dialkyl compound A) or A'). 

As strong uncharged Lewis acids, preference is given to compounds of the formula (XII) 
M 2D X 1D X 2D X 3D ^ 

where 

2D 

isanelem ent of group 13 of the Periodic Table of the Elements, in particular 
B, Al or Ga, preferably B, 
X ,X andX wertl^Q^^^^^^^ 

haloaryl each having from 1 to 10 carbon atoms in the alkyl radical and from 
6 to 20 carbon atoms in the aryl radical or fluorine, chlorine, bromine or 
iodine, in particular haloaryls, preferably pentafluorophenyl. 
Further examples of strong, uncharged Lewis acids are given in WO 00/3 1090. 

Compounds of this type which are particularly useful as component C) are boranes and 
boroxins such as trialkylborane, triarylborane or trimethylboroxin. Particular preference is given 
to usmgboranes which bear at least two perfluorinated aryl radicals. Particular preference is 
g,ven to compounds of the formula (XH) in which X">, X»> and X*> are identical, preferably 
tns(pentafluorophenyl)borane. 

Suitable compounds C) are preferably prepared by reaction of aluminum or boron 
compounds of the formula (XII) with water, alcohols, phenol derivatives, thiophenol derivatives 
or amlme derivatives, with halogenated and especially perfluorinated alcohols and phenols being 
of parhcular importance. Examples of particularly useful compounds are pentafluorophenol 
U-b 1S (pentafluoropheny,)methanol and 4-hydroxy-2,2',3,3',4,4',5,5',6,6'-nonafluorobiphenyl 
Examples of combinations of compounds of the formula (XH) with Bronsted acids are in 
parncular, trimethylaluminum/pentafluorophenol, tia^l^^^^ 
phenyl )me thano^ 

tnethylalummum/pentafluorophenol and triisobutylaluminum/pentafluorophenol and 
* e ^™num/4^^ 
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In further suitable aluminum and boron compounds of the formula (XH), R ,D is an 0 H 
group. Examples of compounds of this type are boronic acids and borinic acids, in particular 
bonnic acids having perfluorinated aryl radicals, for example (C 6 F 5 ) 2 BOH. 

Strong uncharged Lewis acids suitable as activating compounds C) also include the 
5 reaction products of a boronic acid with two equivalents of an aluminum trialkyl or the reaction 
products of an aluminum trialkyl with two equivalents of an acidic fluorinated, in particular 
perfluorinated, hydrocarbon compound such as pentafluorophenol or 
bis(pentafluorophenyl)borinic acid. 

The suitable ionic compounds having Lewis acid cations include salt-like compounds of 
1 0 the cation of the formula (XIII) 

[((M 3D ) a+ )Q lQ2 ... Qz] ^ (xm) 

where . 

M 3D is an element of groups 1 to 16 of the Periodic Table of the Elements, 

Qi to Q z singly negatively charged groups such as Cl -C 28 -alkyl, C 6 -C 15 -aryI, alkylaryl 

15 arylalkyl, haloalkyl, haloaryl each having from 6 to 20 carbon atoms in the aryl 

radical and from 1 to 28 carbon atoms in the alkyl radical, C 3 -C I0 -cycloalkyl 
which may bear C.-Co-alkyl groups as substituents, halogen, Q-C^-alkoxy, 
Ce-Cis-aryloxy, silyl or mercaptyl groups, 
a is an integer from 1 to 6 and 

20 z is an integer from 0 to 5, 

d corresponds to the difference a-z, but d is greater than or equal to 1. 

Particularly useful cations are carbonium cations, oxonium cations and sulfonium cations 
and also cationic transition metal complexes. Particular mention may be made of the 
tnphenylmethyl cation, the silver cation and the l.F-dimethylferrocenyl cation. They preferably 
25 havenoncoordinatingcounterions, in particular boron compounds as are also mentioned in 
WO 91/09882, preferably tetrakis(pentafluorophenyl)borate. 

Salts having noncoordinating anions can also be prepared by combining a boron or 
alummum compound, e.g. an aluminum alkyl, with a second compound which can react to link 
two or more boron or aluminum atoms, e.g. water, and a third compound which forms an 
0 ionizing ionic compound with the boron or aluminum compound, e.g. triphenylchloromethane 
or optionally a base, preferably an organic nitrogen-containing base, for example an amine, an' 
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aniline derivative or a nitrogen heteroeycle. fc addition, . foiinh ^ 
reaeta wtth the boron or aluminnm compound, e.g. pentafluorophenol, ean be added 

Jornc compounds eontaining Breasted aeida as cations preferably likewise have 
noncoominating eonnterions. As Brensted acid, parricmar preference is given ,o predated 
amme or amline derivatives. Preferred cations are N,N-dimethylaniUnimn 

HN-dmremyicvclohexylammonium and HN^methylbe„zy,ammomum and aiso derivatives of 
the latter two. 

Compounds containing anionic boron heteroses as are described in WO 97/36937 are 
also suuable as component C),in particular dimethylanilinium boratabenzene or trityl 
boratabenzene. 

— P«* Q -main borates which bear a, leas, two perfluorinated ary! 
radtcals. Parhcular preference is given to NJI-dimethylanilinium 

tctmlasfpentafluorophenyOborate, N,N-dimethylbenzylammoninm 
teUald^eumfluomphenyOborate or trityl tetrekispentafluorophenylborate 

^™tWs)^ 4 .B( W ,„ rte bo^anmne m beb < »mdvU a bridge re a smtab,e 
lunctional group on the support surface. 

Further suitable activating compounds C) are listed in WO 00/31090 
The amoun, of strong, uncharged Lewis acids, ionic compouuda having Lewis-acid 
cahona or tonic compounds comataing Brensted acids as cations is preferably from 0. 1 to 20 
equtvaents, more preferably flom 1 «o 10 events and particulariy preferably from ! «o2 
equivalents, based on the monocyclopentadienyl complex A) or A') 

achvaflngcompounds Q also include boren-aluminum compounds such as 

^■s(penaflnomphenyOboroay ] memyla 1 ane. Examples ofsnchboren^mnmum compounds 
are those disclosed in WO 99/06414. 

, " sa, »^le to „ S em i x ta resofa ll ,heabovemeu«onedac«va n ngcompo l md s C) 
Preferred m.xmrea comprise ahtminoxanes, m particular meihyWuminoxane, and an ionic ' 

^^■"P^utaonecontai"^ 

ahong uncharged ^a acid, m parflcular Ws (pe„mfl u „^ henvl)borane or a bon)J[in 
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Both the monocyclopentadienyl complexes A) or A') and the activating compounds C) 
are preferably used in a solvent, preferably an aromatic hydrocarbon having from 6 to 20 carbon 
atoms, in particular xylenes, toluene, pentane, hexane, heptane or a mixture thereof. 

A further possibility is to use an activating compound C) which can simultaneously be 
employed as support B). Such systems are obtained, for example, from an inorganic oxide by 
treatment with zirconium alkoxide and subsequent chlorination, for example by means of carbon 
tetrachloride. The preparation of such systems is described, for example, in WO 01/41920. 

The catalyst system can further comprise, as additional component D), a metal compound 
of the formula (XX), 

M° (R IG )r gCR 20 )^ (R 3G ) t G (XX) 

where 

M° is Li, Na, K, Be, Mg, Ca, Sr, Ba, boron, aluminum, gallium, indium, thallium, 

zinc, in particular Li, Na, K, Mg, boron, aluminum or Zn, 

R ,G is hydrogen, C,-C 1(r -alkyl, CVC I5 -aryl, alkylaryl or arylalkyl each having from 

1 to 10 carbon atoms in the alkyl part and from 6 to 20 carbon atoms in the aryl 
part, " 

R 2Q and R 3G are each hydrogen, halogen, CH: 10 -alkyl, C^.^aryl, alkylaryl, arylalkyl or 
alkoxy each having from 1 to 20 carbon atoms in the alkyl radical and from 
6 to 20 carbon atoms in the aryl radical, or alkoxy containing C,-C 10 -alkyl or 
C6-Ci5-aryl, 

o 

r is an integer from 1 to 3 

and 

s° and t° are integers from 0 to 2, with the sum r° + s G + t 0 corresponding to the valence of 
M°,' 

where the component D) is usually not identical to the component C). It is also possible to use 
mixtures of various metal compounds of the formula (XX). 

Among the metal compounds of the formula (XX), preference is given to those in which 
M° is lithium, magnesium, boron or aluminum and 

R ,G is C,-C 20 -alkyl. 

Particularly preferred metal compounds of the formula (XX) are methyllithium, 
ethyllithium, n-butyUithium, methyhnagnesium chloride, methylmagnesium bromide, ' 
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ethylmagnesium chloride, ethylmagnesium bromide, butylmagneainm ehloride 
dmte^hnagneshm, diethyhnagnesium, dibutytoag^™, o-bu.y.-o-oc^esium, n-buty,- 
n-heptyto.agnes.um, in partieular n-btoyl-n^tytaagneainm, m-n-hexy.a.uminum 
nrnK.butyto.uminum, M-n-bntyialuminnn,, Metoylatominnm, dtaetoyWuminum ohioride 
• toetoylalnminum fluoride, metoytaluminum dich.oride, me.hy.aton.innm sesqniohloride 
toetoylahuninum chtoride and trimeihyiatominnm and mixtures thereof. Tie panto, hydrops 
prodnots of aluminum alkyls with alcohols can also be used. 

When a meto. compound D) is used, i, is preferably present to me catalys, system to such 
an amount that me motor rado o,M° from formula (XX, to transition meta. from 

mo„ocyclopentod i eny,componnd A )orA-,is fi om2000: I to O..:,,preferab.ynom 800:1 to 
v.z :i and particularly preferably from 100:1 to 1:1. 

to ^ n ^*=n,etolcompom,dD)oftoefonnula(XX)isnsedasconsMtuentofa 
-...yst system for toe po.ymerizauon or copo.ymerizado. of otofins. Here, ,he meto, compound 

^ C <M ^ U ' exam P^ *" or preparing a catalyst solid comprising the support B) and/or can 
be added dunng or shortly before the po.yorerizatiom Tie meto. compounds D) used can be 
.dennca. or different « is a,so possibto, particmariy when ore catolys, soUd does not contain any 
ae .va.mg component Q , for the ^ ^ ^ ^ fa ^ ^ ^ 

sohd, one or more activating compounds C) which are identical to or different torn any 

compounds D) present to the catalyst solid. 

To prepare toe catalyst systems of the present invention, preference is given to 
rmmoh.Hzing a, .east one of toe components A) or A') and/or Q on toe support B) by 
phys,sorp«on or by means of ohemica, reacdon, .... cva.e„ t binding of the 
reacbve gronps of toe support surface. The order in which toe support component B), toe 
component A, or A') and any component Q are combined is immaterial The components A) or 

B) It to" anotherorsimu.toneous.yorinpremixeo form to 
B^Afler toe mdmdua. process stops, toe sohd can be washed with suitab.e inert so.vents such 
as aliphatic or aromatic hydrocarbons. 

con, ) Jh .^ fc ' ICdembodtae '" *• ntonocyCopentodieny. complex A) or A') is brought i„ to 

wTtoe " !T " ^ ° b,a,ned " **° ™* " *" <™° c— 

w.tothesnppor.BXwhiehmayhavebeenprebea.ed.andtoeso.ven.iscomp.ete.yorpart.y 
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WO 00/05277. A further p rcfaTe d embodiment comprises first* applying tte 

compound C) to ,he support B) and subsidy bringing this supported activating compound 

into contact wth the monocyclopentadienyl complex A) or A') 

and if ^ TT"" D> °" " ^ ta ^ *» «*— ■ A) or A') 

, and, „ des,red, B) and C). For examp,e, me monocyOopentadieny, complex A) can be brougm 

ZTtr, t componeM(!) 0 d) *- before - ^ **• ^ — « 

wtm the o.efins ,0 be polymerized. Preactivation using one or more components C) prior to 

7" *" ° ,efi " ^ ^ ° f «* — or different components C) and/or D) 

after dun nuxtirre has been brought into contact with the olefin is also possible. Preactivation is 
generally earned out at 10-100"C, in particular 20-80°C. 

Preference is given m^fimdy being bmngh, into eornaet wim oompo„», Qtrnd men 
deabng w,«h me component A) or A') and B) and any norther C) as described above. In another 
preferred embodiment, a catalys, so ,id is prepared ftom the components A) or A'), B) and C) as 
de^nbed above and mis is brought into contact with the component D) during, a, me beginmng 
of or shortly before the polymerization. Preference is given to D) firstly being brought into 

or A ), B) and Q as described above subsequently being added. 

It is also possible for the catalyst system fimtiy to he prepolymerized with a-olefins 
preferably ^^.H-aUtenesartdm particular ethylene or pmpyiene, and ft eresu,«ng 
prepoiym^ed catalyst solid men «o be used in me acma, polymerization. Tne mass ratio of 
oatalys. soltd used in the polymerization to monomer polymeria onto i, is usnaUy in the 
range from 1:0.1 to 3 

1 : 1 000, preferably from 1 : 1 to 1 :200. 

Furthermore, a small amount of an olefin, preferably an a-olefin, for example 

oTa"^ StyrenB ° f ^"y^^ as modifying component, an antistatic 
era usablemert compound such asawax or oil can be added as additive during or after the 
r r OD ° *! ^ SySt6m - The «*»"* of additives to transition metal compound A) 
or A ) ,s usually from 1:1 000 to 1 000:1, preferably from 1:5 to 20:1. 
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In the process of me pres e„, invenlion for me copolymerizarion of ethy|Me ^ a _ 
olefins, ct-olefins are generally hydrocarbons having term™! double bonds, wfth (he 
hydrocarbon also behrg ab.e to bear funcrional groups containing atoms of groups 14 to ,7 offhe 
Penodrc Tab!e of the Efements. Sui.abie monomers inciude funcfionaUzed LLly 
6 unsaved compounds such as acroiein, esters or amide derivatives of acryfic or memacryhc 
^ forexamp.eacry.atos, methacryla.es or acrytonifrife, or viny. estem, for example vinyl 
acetate. Preference is given to nonpolaz oleflnie compounds which contain only carton atoms 
UKfudrngaryl-subsntoted a-olenn, Pardcufarly preferred cc-oleflns are Unear or branched 
C.z-.-aKenes, m parricmar linear CVC-f-allcenes such as ethene, propene, ,-butene, ,-penfe.e 
.0 .-hexene, t-heptene, l-ocene, ,-decene or branch* C 2 -C,„-l-allcenes such as 4-„emy,-l- 
penteoe, conjugated and nonconjugated dienes such as 1,3-butadiene, 1,5-hexadiene or 
l,7~tadiene or vinylaromadc compounds such as styrene or substftotod sryrene. It is also 
posstble to polymerize mixtures of various olefins. Preference is given to pofymerizing a, 

^»-->ennse,ee,ed ) mmmeg ro upconsi S u„go,e,hene > p ro pene, l-bntene, ,-pentene ,. 
15 hexene, 1-heptene, 1-octene and 1-decene. 

Mixtures of two or more a-olefiua can also be copolymerized with ethene. Preference is 
gtven to usmg monomer mixtures containing at least 50 mol% of ethene. 

The process of me present invention for the polymerization of ethylene with a-oleflns 
can be combined with all industrially known polymerizauon processes a, from -cO to 350°C and 

orl m " ^ ^ ° r " * ™- — '» «» ~* -tors used 

formeMymenzahonofo^Beanbeeartedontbatohwiseorpreferahlyconnnuouslyin 
one or more stages. High-pressure polymerization processes in babe reactors or autoclaves 
sototton processes, suspension processes, smzed gas-phase processes or gas-phase fluidized-bed 
> processes are all possible. 

0 5 to ^OT™*™ *" U8UaUy °"* 4 ° Ut * *» - 6 ° '° 35 °° C — of firm, 

a 5 to 4 000 bar at mean .cadence times of from 0.5 to 5 hours, prefembly ft™ 0 .5 to 3 hours. 

2^TT a : ^ ^ fOT « - ■» P-^rizarions usually 
d^K, on the polymenzation method. In the case of high-pressure pofymerizafion processes, 

JSC 7h ■ " " ^ ' 000 to 4 °°° ^ " *>» 2 m to 

500 bar. htgh potymerizauon tompemtores are generally also set. Advantageous temperature 
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nolvmenWi * temperature of P^er is generally set These 

polymenzafaon processes are preferably carried out at from 50 to 180°r T 
5 70 to 120°C In th,» MM *■ . ° C ' more Preferably from 

reactor is described, for example, in WO 97/0dni <; m,- 
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and/or their short chain branching distribution can be mixed with one another. They can also be 
produced by means of a cascade polymerization. 
Further useful polymer mixtures comprise 

(E) from I to 99% by weight of one or more of the ethylene copolymers according to the present 
invention and 

(F) from 1 to 99% by weight of a polymer which is different from (E), where the percentages by 
weight are based on the total mass of the polymer mixture. 

Polymer mixtures comprising 

(E) from 1 to 99% by weight of one of the ethylene copolymers according to the present 
invention, in particular from 30 to 95% by weight and particularly preferably from 50 to 85% by 
weight, and 

(F) from I to 99% by weight of apolyolefin which is different from (E), in particular from 5 to 
70% by weight and particularly preferably from 15 to 50% by weight, where the percentages by 
weight are based on the total mass of the polymer mixture, are particularly suitable. 

The type of further polymer components (F) in the mixture depends on the intended use 
of the mixture. The mixture can be obtained, for example, by blending with one or more 
additional LLDPEs or HDPEs or LDPEs or PPs or polyamides or polyesters. Alternatively, the 
polymer mixture can be produced by simultaneous polymerization using a 
monocyclopentadienyl complex and one or more catalyst systems which are likewise active in 
the polymerization of olefins. Suitable catalysts for producing the polymer blends or for 
simultaneous polymerization are, in particular, classical Ziegler-Natta catalysts based on 
titanium, classical Phillips catalysts based on chromium oxides, metallocenes, in particular 
complexes of metals of groups 3 to 6 of the Periodic Table of the Elements containing one, two 
or three cyclopentadienyl, indenyl and/or fluorenyl systems, viz. constrained geometry 
complexes (cf., for example, EP-A 0 416 815 or EP-A 0 420 436), nickel and palladium bisimine 
systems (for their preparation, see WO 9803559 Al) or iron and cobalt pyridinebisimine 
compounds (for their preparation, see WO 9827124 Al). However, in the case of a mixture 
consisting of various polymers according to the present invention, it is also possible to use 
another chromium complex A). The further polymerization catalysts can likewise be supported 
on one and the same support or different supports. 
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The ethylene copolymer of the present invention can also form mixtures having a broad 
or bimodal molar mass distribution with other olefin polymers, in particular ethylene 
homopolymers and copolymers. These mixtures can be obtained either by means of the above- 
described simultaneous presence of a further catalyst suitable for the polymerization of olefins or 
5 by subsequent blending of the separately prepared polymers or copolymers. 

The blends comprising olefin copolymers according to the present invention can also 
further comprise two or three other olefin polymers or copolymers. These can be, for example, 
LDPEs (blends thereof are described, for example, in DE-A1-19745047) or polyethylene 
homopolymers (blends thereof are described, for example, in EP-B- 100843), LLDPEs (as 
10 described, for example, in EP-B-728160 or WO-A-90/03414), LLDPE/LDPE (WO 95/27005 or 
EP-B1-662989). The proportion of copolymers according to the present invention is at least 40- 
99% by weight, preferably 50-90% by weight, based on the total mass of the polymer mixture. 

The ethylene copolymers, polymer mixtures and blends can further comprise known 
auxiliaries and/or additives such as processing stabilizers, stabilizers against the action of light 
15 and heat, customary additives such as lubricants, antioxidants, antiblocking agents and 

antistatics, and also, if desired, colorants. The type and amount of these additives are known to 
those skilled in the art. 

Furtheimore, it has been found that mixing in small amounts of fluoroelastomers or 
thermoplastic polyesters can give further improvements in the processing properties of the 

20 polymers of the present invention. Such fluoroelastomers are known as such as processing aids 
and are commercially available, e.g. under the trade names Viton and Dynamar (cf, for 
example, US-A-3 125547). They are preferably added in amounts of from 10 to 1 000 ppm, 
particularly preferably from 20 to 200 ppm, based on the total mass of the polymer mixture' 
according to the present invention. 

25 The polymers of the present invention can also be modified subsequently by grafting, 

crosslinking, hydrogenation, functionalization or other modification reactions known to those 
skilled in the art. 

The production of the polymer blends by mixing can be carried .out by all known 
methods. It can be achieved, for example, by feeding the powder components into a granulation 
30 apparatus, e.g. a twin-screw kneader (ZSK), Farrel kneader or Kobe kneader. It is also possible 
to process a granulated mixture directly on a film production plant. 
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The polymers and polymer mixtures of the present invention are very useful, for 
example, for the production of films on blown film and cast film.plants at high outputs. The 
films made of the polymer mixtures display very good mechanical properties, high shock 
resistance and high tear strength combined with very good optical properties, in particular 
transparency and gloss. They are particularly useful for the packaging sector, for example as heat 
sealing films, and both for heavy-duty bags or sacks and for the food sector. Furthermore, the 
films display only a slight blocking tendency and can therefore be passed through machines 
without additions of lubricants and antiblocking agents or with additions of only small amounts 
thereof. 

Owing to their good mechanical properties, the ethylene copolymers of the present 
invention are likewise suitable for the production of fibers and moldings, in particular pipes and 
crosslinkable pipes. They are likewise suitable for blow molding, rotomolding or injection 
molding. They are also useful as compounding components, bonding agents and as rubber 
component in polypropylene, in particular in polypropylene compounds having high impact 
toughnesses. 

The following examples illustrate the invention. 

Examples 

NMR samples were dispensed under inert gas and, if appropriate, melted in. The solvent 
signals served as internal standard in the 'H- and 13 C-NMR spectra, and the chemical shifts were 
then converted into chemical shifts relative to TMS. 

The density [g/cm 3 ] was determined in accordance with ISO 1 183. 

The determination of the molar mass distributions and the means M„, M w , and Mw/M n 
derived therefrom was carried out by means of high-temperature gel permeation chromatography 
using a method based on DIN 55672 under the following conditions: solvent: 1,2,4- 
trichlorobenzene, flow: 1 ml/min, temperature: 140°C, calibration using PE standards. 
The TREF analyses were carried out under the following conditions: solvent: 1,2,4-trichloro- 
benzene, flow: 1 ml/min, heating rate: l°C/min, amount of polymer: 5-10 mg, support: 
kieselguhr. 

The CDBI was determined as described in WO-A-93/03093. 

The Crystaf® measurements were carried out on an instrument from Polymer Char, P.O. 
Box 176, E-46980 Paterna, Spain, using 1,2-dichlorobenzene as solvent and the data were 
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processed using the associated software. The Crystaf® temperature-time curve is depicted in 
figure 1. The differential Crystaf® curve shows the modality of the short chain branching 
d IS tnbuhon. To convert the Crystaf® curves obtained into CH 3 groups per 1 000 carbon atoms 
the curve shown in figure 2 was used, depending on the type of comonomer empolyed In this ' 
5 curve, the weight average temperature T-w is defined as the sum over all proportions by weight 
m-, mumplied by the temperature T-i, divided by the sum over all proportions by weight m-i- 
T-w = 2(m-i T-i) / 2 m-i 

The degree of short chain branching (CH3/I 000 Q can thus be calculated simply in accordance 
with the following equation: (CH3/I 000 C) = a • T-w + b ( see figure 2), 

10 in which the abbreviations are as follows: 
weight average temperature T-w: (°Q 

Sl0pe a: "0.582 (CH3/1 000 Q/(°Q 

interce P t b: 60.46 (CH3/1 000 C) 

Abbreviations used in the following table: 
15 Cat. catalyst 

t(poly) duration of the polymerization 
polymer amount of polymer formed 
M w weight average molar mass 
Hi number average molar mass 
20 density polymer density 

Prod. productivity of the catalyst in g of polymer obtained per mmol of catalyst (chromium 
complex) used per hour 

Example 1 

1.1. Preparation of [2-(lH-mden-3-yl)methyl>3,5,6-trimemylpyrazine 

A mixture of 13.6 ml (0.1 mol) of 2,3,5,6-tetramethylpyxazine in 50 ml of tetrahydrofuran was 
cooled to -20°C and 62.5 ml of n-butyllithium (1.6M in hexane, 0.1 mol) were subsequently 
added while stirring. The mixture was allowed to warm to room temperature while stirring After 
shrnng for a further 1 hour, the solution was cooled to -60°C and a solution of 15 g (0. 1 1 mol) of 
1-mdanone in 20 ml of tetrahydrofuran was added over a period of 1 5 minutes while stirring 
The mixture was allowed to warm to room temperature while stirring and was stirred for a 
further 12 hours. The mixture was then hydrolyzed with 250 ml of dilute hydrochloric acid and 
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allowed to stand. After 24 hours, the 2-[(2,3-dihydro-l»i n den-l- y lide„emethy I )-3 5 6- 
truneftylpy^ne hydrochloride (the hy-produet) which had precipitated was filtered off The 
otgamc phase was separated off from the liquid phases and the aqueous phase was exacted 
twtce with ethyl acetate. The aqueous phase was then neutralized with aqueous anunonia 
solution and extracted three tunes with 60 ml each tune of memyfene chtoride. The organic 
phases were cabined, dried over magnesium su.fa.e_ the magnesium sulfate was filtered offand 
Ute solvent was distiHed off. This gave .7.3 g of a mixture of 2< 1 H.mden-3-ylmemyl)pyridine 
and 2-t(E)-2,3Hfihydm-lH-mden.l.yKdenememyl]-3,5,6-mmemyl P vra z i„e (55% yield) and 
unreacted .etramemy.pymz.ne in a ratio of ,0:3 (NMR). The mixtnre waa used directly in ft. 

2 2 JT^f 01 * (<i ' IH); * 1H>; " 5 * 1H)i 7 " ft 9H * "° 
1H). 4.07 (br. s ., 2H); 3.54 (br.s., 2H); 2.56 (a., 3H); 2.54 (s., 3H); 2.52 (a., 3H) 

1.2. Preparation of (l^S.o-mmemylpymzme^emyDindenylXhmmium dichloride 




A solution of 7.25 g of me above mixhuo in 80 m. of .eftabydmfuran waa „o.ed to -!00°C 
16 Whde attrring, 16 ml of a 15% strength n-butylUthium so.ubon in hexane (0.0256 mol) were 

slowly added dmpwise. After the addition was complete, the reaction mixture was stirred for a 

Mer one hour at -100"C. The mixlum was subsequently allowed to warn, to mom temperature. 

After stm,»g for a further 2 hours, me solution was .rno.ed ,o -60-C and , 0.2 g (0.0272 mo.) of 

^"c^tris^^ 
.0 to warn, s.„w.y to room temperamm and was subsequent* sti^d for a further 10 hours a, room 

tempemmre. The so.id which had precipitated was fihered off, washed twice with diethyl ether 

and dned under reduced pressure. This gave 5.2 g of a green powder of which 4.2 g worn 

mcrystalh2edftomamixtureofCH 2 CI ! -Et 2 0.3.1 g of (l-(2<3,5,6- 

WmemylpymzinejmemyOindenyl^hmmium dichloride (43%) were obtained 
5 Examp le 2 

2.1. Preparation of [2<lH.inden-3-yl)-l-methyl e thyl]pyridine 
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A soh-tio, of 7.25 g (0.046 „„,) of 2-bromopyridine in 20 m! of diethy. ether was coofed ,o 
^C^. m « to „f28.7 m ,of^^ Mm(1 .^ fa ^ 0( ^ ]]iol)md70m|of 
dtemyl ether was subsequent* added while atiming. The mixture was stirred for a further 
15 mmutes and a solution of 7. 16 g (0.046 tuol, of l^memyiemylideneM-indene dissolved in 
10 m of efter was then added. The mixture was allowed to wan„ ,„ room temperature and was 
hydrolyzed withl00.nl of dilute hydmchloric acid. Theorganie phase was separated offand the 
aqueous phase was extracted once with diethyl ether, after which the aqueous phase was 
neutralized with aqueous ammonia sotation and extracted three times with 50 ml each time of 
cWoroform. The organic phases were combined, dried over magnesium sulfite, the magnesium 
su.fa,e was Altered offand the soh-em was distilled off. 0.54 g (5%) of [^lH-inden-3-yO-l- 
methylethyl]pyridine was obtained. 

2.2. Preparation of (3-(2.p y ridyl-l- me thylethyl)indenyl)chromium dichloride 




20 



tetmhydromran was cooled to -,0O=C. f.72 ml of a 15% steengm n-butyffithium solution in 
hexane (0.0027 mol) were slowly added dropwise. Alter the addition was complete, the reaction 
■nocture was stirred a. -100°C for a further 30 minutes. The mixture was subsequently allowed fo 
warn, to room temperature. After stirring for a further 1 hour, the solution was coded to -60°C 
and LI g(0.0029 mo!) of clnomium tiicWoride tiisOetiahydrofuran) were added while stirring 
The ™ was atiowed ,„ wann sfowly te room temperamre am. was subsequentiy stirred for a 
fcrther 10 hours a. mom temperature. The reaction mixture was then refluxed for 20 minutes and 
subsequentiy cooled to room temperature. The solid which had precipitated was filtered off 
washed with diethy. ether and dried under reduced pmsaure. This gave 0.3 g of (3<2-pyridyl- 



l-methylethyl)indenyl)chromium dichloride (37%) 
25 Comparati ve examp le 1 
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descnbed in WO 01/92346. => prepared as 

Polymerization 

Tbe polymerizations were carried out at 40-C under argon in a XI four-necked flask 
prov,ded Witt, confcc, mermoineter> ^ ^ ^ ^ ^ ^ ^ 

a »,rTr am<>Unt '* lttD 00% Stren8,h ^ * , °" ,Me - " I: *>»> - added to 
a solution of the amount indicated in table 1 ofthe respecttve complex in 250 nd oftoluene and 
the mixture was heated to 40°C on a water bath. 

2O40 1/h of ettaylene were sobseqnently pass* through me initial charge a. atmospheric 
P-sure 7*e remaining amount of hexen. (7 ml) was introduced via a dropping funnel over a 
penod of ,5 nnnn.es. After me ttme indicated in table 1 under a consent ethylene flow, the 
potation waa stopped by addition of methanol HC1 solution (15 ml of concentred 

acid in 50 m, of methane,, 250 m, of methanol were subseouentty added and the 
whnepolymer formed was Altered oft. washed Witt, methanol and dried at 70 C 
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(3-(2-(4-Methylpyridyl)methyl)indenyl)chromium dichloride was prepared by a method 
analogous to example 1 but using the corresponding amount of 2,4-dimethylpyridine in place of 
tetramethylpyrazine. 

The polymerization was carried out as described above at 40°C under argon using hexene 
as comonomer and a polymerization time of 60 minutes. The activity of the complex (Cr: MAO 
- 1:500) was 1 730 g/mmol of Cr h. The M w of the copolymer was 283 910 g/mol, the MJM n 
was 2.57. The copolymer had a CDBI of less than 50% and a bimodal short chain branching 
distribution (differential Crystaf® curve). The maxima of the Crystaf® peaks in the differential 
Crystaf® curve were at 12°C and 33°C. 
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We claim: 

1. A copolymer of ethylene with a-olefins which has a molar mass distribution MJM. of 
from 1 to 8, a density of from 0.85 to 0.94 g/cm\ a molar mass M n of from 10 000 g/mol 
to 4 000 000 g/mol and a CDBI of less than 50% and in which the side chain branching of 
the maxima of the individual peaks of the short chain branching distribution is in each 
case greater than 5 CH 3 /1 000 carbon atoms. 

2. A copolymer of ethylene with a-olefins as claimed in claim 1 which has an at least 
bimodal short chain branching distribution. 

3. A copolymer of ethylene with a-oefins as claimed in claim 1 or 2 which has a molar mass 
M„ of from 150 000 g/mol to 1 000 000 g/mol. 

4. Acopolymerofemylenewitha-olefinsasclaimedinanyofclaims 1 to 3 which has at 
least one peak in the Crystaf® spectrum of the differential distribution in the range from 15 
to 40°C and at least one further peak in the Crystaf® spectrum of the differential 
distribution in the range from 25 to 80°C. 

5. A copolymer of ethylene with a-olefins as claimed in any of claims 2 to 4 in which the 
short chain branching distribution is bimodal or trimodal. 

6. A process for preparing ethylene copolymers as claimed in any of claims 1 to 5, which 
comprises polymerizing ethylene with a-olefins in the presence of the following 
components: 

A) at least one monocyclopentadienyl complex comprising the structural feature of the 
formula (Cp-Z-A)Cr (T), where the variables have the following meanings: 
Cp-Z-A is a ligand of the formula (H) 



(ID 



where 

R 1A -R 4A are each, independently of one another, hydrogen, Ci-C 20 -alkyl, C 2 -C 20 - 
alkenyl, C 6 -C 20 -aryl, alkylaryl having from 1 to 10 carbon atoms in the 
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alkyl part and 6-20 carbon atoms in the aryl part, NR 1 1A 2 , N(SiR I,A 3 )2, 
OR 1,A , OSiR ,,A 3 , SiR UA 3 , BR' ,A 2 , where the organic radicals R ,A -R 4A 
may also be substituted by halogens and two vicinal radicals R ,A -R 4A may 
also be joined to form a five- or six-membered ring, and/or two vicinal 
radicals R ,A -R 4A are joined to form a heterocycle which contains at least 
one atom from the group consisting of N, P, O and S, 
is a bridge between A and Cp having the formula 

R 5A 
I 

— L — 

A- 



where 
10 L 



is carbon or silicon, preferably carbon, 
R 5A ,R 6A are each hydrogen, C,-C 2 o-alkyl, C 2 -C 20 -alkenyl, C 6 -C 20 -aryl, alkylaryl 

having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms 
in the aryl part or SiR IIA 3 , where the organic radicals R 5A and R^ may 
also be substituted by halogens and R 5A and R 6A may also be joined to 
form a five- or six-membered ring, 



R n 8A 
I 

AiS R ^|* 

H La 



where 

E 1A_ E 4A 

R 7A -R I0A 



are each carbon or nitrogen, 

are each, independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 20 - 
alkenyl, C 6 -C 20 -aryl, alkylaryl having from 1 to 10 carbon atoms in the 
alkyl part and 6-20 carbon atoms in the aryl part or SiR UA 3 , where the 
organic radicals R 7A -R ,0A may also bear halogens or nitrogen or further 
Ci-C 20 -alkyl groups, C 2 -C 20 -alkenyl groups, C<s-C 20 -aryl groups, alkylaryl 
groups having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon 
25 atoms in me "J* or SiR 1 ,A 3 as substituents and two vicinal radicals 



55 



LU6084 



,030" 



10 



15 



R'A.RlOA Qr R 7A arjd z may als(> be j oined tQ fonn a five or six . membered 

ring, 

each > independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 20 - 
alkenyl, C 6 -C 20 -aryl, alkylaryl having from 1 to 10 carbon atoms in the 
alkyl part and 6-20 carbon atoms in the aryl part and two geminal radicals 

1 1 A 

ma y 1)150 be joined to form a five- or six-membered ring and 
P is 0 when E ,A -E 4A is nitrogen and is 1 when E lA -E 4A is carbon, 

B) optionally an organic or inorganic support, 

C) optionally one or more activating compounds and 

D) optionally one or more metal compounds containing a metal of group 1, 2 or 13 of the 
Periodic Table. 

7. A process as claimed in claim 6, wherein two vicinal radicals R ,A -R 4A in the 
monocyclopentadienyl complex A) form a fused ring system. 

8. A catalyst system for olefin polymerization comprising 

A') at least one monocyclopentadienyl complex A') comprising the structural feature of 
the formula (Cp- CR 5B R 6B - A )Cr (IV), where the variables have the following 
meanings: 



Cp-CR SB R 6B -A is A On (V) 




where 

20 R ,B -R 4B are each, independently of one another, hydrogen, C,-C 2 o-alkyl,C 2 -C 2 o- 

alkenyl, C 6 -C 20 -aryl, alkylaryl having from 1 to 10 carbon atoms in the 
alkyl radical and 6-20 carbon atoms in the aryl radical, NR 5A 2 , 
N »^ B 3)2, OR» B , OSiR ,,B 3 , SiR"\ BR ,IB 2 , where the orglnic radicals 
RlB " R4B ma y 41150 be substituted by halogens and two vicinal radicals R ,B - 

25 R 4B may also be joined to form a five- or six-membered ring, 

R ,R 6B are each hydrogen or methyl, 
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Ais R P^^^3^.^B 

II (VI) 



,11B 



where 

E ,B -E 4B are each carbon or nitrogen, 

r 7b_ r iob ^ each> independently of one another, hydrogen, C]-C 20 -alkyl, C 2 -C 20 - 
5 alkenyl, C 6 -C 20 -aryl, alkylaryt having from 1 to 1 0 carbon atoms in the 

alkyl part and 6-20 carbon atoms in the aryl part or SiR UB 3) where the 
organic radicals R 7B -R ,0B may also bear halogens or nitrogen or further 
Ci-C 20 -alkyl groups, C^Qo-alkenyl groups, C 6 -C 20 -aryl groups, alkylaryl 
groups having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon 
10 atoms «n the aryl part or SiR 1 1B 3 as substituents and two vicinal radicals 

R 7b_ r iob may alsQ j oine(J tQ form a five _ Qr s i x . mem jj ered 

are each, independently of one another, hydrogen, C,-C 20 -alkyl, C 2 -C 20 - 
alkenyl, C 6 -C 20 -aryl or alkylaryl having from 1 to 10 carbon atoms in the 
alkyl part and 6-20 carbon atoms in the aryl part and two radicals R ,,B 
may also be joined to form a five- or six-membered ring, 
p is 0 when E ,B -E 4B is nitrogen and is 1 when E ,B -E 4B is carbon, 

where at least one radical R 7B -R ,0B is C,-C 20 -alkyl, C 2 -C 20 -alkenyl, C 6 -C 20 -aryl, 
alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in 
the aryl part or SiR ,,B 3 and the organic radicals R 7B -R ,0B may also bear halogens or 
nitrogen or further C,-C 20 -alkyl groups, C 2 -C 20 -alkenyl groups, C 6 -C 20 -aryl groups, 
alkylaryl groups having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon 
atoms in the aryl part or SiR 5C 3 as substituents and two vicinal radicals R 7B -R ,0B may 
also be joined to form a five- or six-membered ring or at least one E ,B -E 4B is nitrogen, 
B) optionally an organic or inorganic support, 
25 c ) optionally one or more activating compounds and 

D) optionally one or more metal compounds containing a metal of group 1 , 2 or 13 of the 
Periodic Table. 
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" " °' efln P ° 1 — - *» «- — -o vicinaf 

radtcalaR -R ,„ ft. monocyclopentadienyf co.np.ex A") fan a fused ring system 

IT TT ^ C ° mPriSiDg 3 -** S ^ - — d in claim 8 or 9 

U. Th«»»„faca«a ly5 «s ystoasclaimedi n myofclailM8to Wrer.hepo.ymerizauonor 
copolymenzation of ethylene with o-olefins. 

12. Apneas for preparing ethytene copolynteta asdaimed in any of Calms 1 ,„4, which 
compnsea polymerizing etnyfene wifh .-o.efina in me presence of a catatyat system aa 
claimed m any of claims 8 to 10. 

13. A '»«--lata=dmc,aim I 2,wherem^ aa 
monomers, a monomer mixture which comprises ethytene and/or CVC-l-aftaea ami 
contama at least 50 mol% of ethylene. allcenesand 

14. A polymer mixture comprising 

(B) ftom , 'O^byweightofoneormoreemyleneeopolyreersaaclajmedinanyof 
claims 1 to 5 and 

(F) from 1 to 99% by weight of a polymer which is different from (E) 
.5. ^^^-moldmgcomprialnganethylenecopolymeraaclaim^manyofclalmst" 
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Abstract 

Copolymers of ethylene with a-olefins which have a molar mass distribution Mw /M„ of from 1 to 
8, a density of from 0.85 to 0.94 g/cm 3 , a molar mass M n of from 10 000 g/mol to 
4 000 000 g/mol and a CDBI of less than 50% and in which the side chain branching of the 
maxima of the individual peaks of the short chain branching distribution is in each case greater 
than 5 CH3/I 000 carbon atoms, a process for preparing them, a catalyst suitable for preparing 
them and fibers, moldings, films or polymer mixtures in which these copolymers are present 
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